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CALCULATIVE TECHNIQUES FOR TRANSONIC FLOWS
ABOUT CERTAIN CLASSES OF AIRFOILS AND SLENDER BODIES

By John R. Spreiter* and Stephen S. Stahara
Nielsen Engineering & Research, Inc.

SUMMARY

Analysis and the development of associated computational programs
were carried out for the purpose of developing calculative techniques for
predicting properties of transonic flows about thin airfoils and slender
bodies. The procedures are based on the method of local linearization
and the transonic equivalence rule and apply to transonic flows with
free~-stream Mach number in the ranges close to one, below the lower criti-
cal, and above the upper critical. Comparisons were made with experimental
results for surface pressure distributions on a class of two-dimensional
airfoils at M_ = 1 and for surface and flow-field pressure distributions
for a number of slender, pointed, axisymmetric and nonaxisymmetric bodies,
both nonlifting and lifting, at M = 1 and alsoc at Mach numbers below
the lower critical and above the upper critical.

Altogether, the calculated results exhibit good agreement with the
data for all the shapes considered and over the major portion of the body
length, although notable discrepancies consistently appear near the rear,
particularly for the three-dimensional bodies., In addition to effects of
shock-wave boundary-layer interaction and vortex-induced separation not
included in the theory, analysis of the discrepancies suggests that
substantial wind-tunnel wall interference effects are present in the

experimental results for the three-dimensional shapes.,
INTRODUCTION

Because of both the inherent difficulty of solving the governing
equations of transonic aerodynamics and the low interest in problems
characteristic to transonic flight, little substantial progress has been

made in this important field for nearly a decade (refs. 1 and 2). Even

*Professor, Departments of Applied Mechanics and Aeronautics and Astro-
nautics, Stanford University, Stanford, California. (Consultant at
Nielsen Engineering & Research, Inc.).



with the recent attention given to transonic problems, it appears that
the majority of research is currently directed at the two-dimensional
case (for example, refs. 3, 4, and 5). In comparison, little emphasis
has been placed on the analysis of transonic flow about three-dimensional
bodies, particularly lifting, nonaxisymmetric shapes, even though all of
the essential elements, both theoretical (refs. 6 and 7) and experimental
(ref. 8) have been available for doing this for over a decade. In fact,
prior to this investigation, there existed only one isolated application
and experimental evaluation of the theory to a nonaxisymmetric, lifting
flow at M _ = 1 (ref. 9). For axisymmetric flows, systematic studies of
theoretical and experimental results have been done only for surface
pressure distributions on cone-cylinders and parabolic-arc bodies (ref. 7),
and for a pair of related bodies having maximum thickness at 30 percent
and 70 percent of the body length (ref. 10). The present study extends
the previous work to include nonaxisymmetric bodies, lifting, as well as
nonlifting cases, and conditions in the flow field in addition to the
body surface. Comparisons of the theoretical results with experimental

data are made throughout.

Although the ultimate goal of the present investigation is to develop
calculative techniques for the prediction of the flow field, pressure
distribution, and aerodynamic characteristics of three-dimensional, lifting,
wing-body combinations, the purposes of this initial study are (1) to
select an appropriate theoretical method in view of the goal, and (2) to
proceed to develop computational programs for calculating the pressure
distributions on the surface and in the flow fields of increasingly
complex classes of shapes. Because experimental verification of the
theory is essential, primary attention is directed toward shapes for which
data are available. Systematic comparisons of experimental and theoreti-
cal results provide both a thorough evaluation of the effectiveness of
the theoretical method and also establish a basis for attacking the more

general problem of predicting transonic flow about wing-body combinations.
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LIST OF SYMBOLS
major axis of elliptic cross section of parabolic-arc
bodies

local radius of body of wing-body combination

aspect ratio

minor axis of elliptic cross section of parabolic-arc
bodies

wing chord

Buler's constant

pressure coefficient, (p - pm)/% mei

similarity form of pressure coefficient, eq. (3)

similarity pressure coefficient immediately ahead of
trailing-edge shock on two-dimensional airfoil

limiting value for C.
Pa

sonic immediately downstream of a shock wave attached
to the trailing edge of a two-dimensional airfoil,
eq. (100)

for which flow is exactly

limiting value for Eé

a
at the trailing edge of a two-dimensional airfoil is
able to turn the flow through the required angle for
the shock to remain attached, eq. (99)

for which the oblique shock

similarity pressure coefficient immediately behind
trailing-edge shock on two-dimensional airfoil

value of C. for which flow behind trailing-edge

shock on two-dimensional airfoil is subsonic

value of C, for which flow behind trailing-edge

shock on two-dimensional airfoil is supersonic

pressure coefficient associated with the equivalent

body of a thin, elliptic, cone-cylinder wing, eqg. (104)

incompressible pressure coefficient, eqg. (5)

pressure coefficient associated with a thin, elliptic,
cone~-cylinder wing, eq. (104)
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pressure coefficient associated with the lower surface
of a thin, elliptic, cone-cylinder wing

pressure coefficient associated with the upper surface
of a thin, elliptic, cone-cylinder wing

maximum diameter of a body of revolution

quantity defined by eq. (80)
quantity defined by eq. (85)

guantity associated with calculation of axisymmetric
flow field, eq. (90)

quantity defined by eqg. (58)

quantity associated with calculation of surface pres-
sures on nonlifting, nonaxisymmetric, parabolice-arc
bodies, eq. (91)

guantity associated with calculation of surface pres-
sures on lifting, nonaxisymmetric, parabolic-arc
bodies, eqg. (92)

quantity associated with calculation of flow-field
pressures for nonlifting, nonaxisymmetric, parabolic-
arc bodies, eq. (93)

quantity defined by eq. (72)

quantity defined by eq. (73)

unit vectors parallel to the x, y, z axes

equal to Mi(y + l)/U°°

body length
tangent of semiapex angle of wing planform

free-stream Mach number
lower critical Mach number
upper critical Mach number

exponent describing airfoil or body ordinates and
related to location of point of maximum thickness,
egs. (7), (9), (77), (79)

direction cosines with respect to x, y, z axes
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free-stream pressure

aerodynamic loading
free-stream dynamic pressure

radial distance in crossflow plane, \yZ + 2%

radius of body of revolution

radius of equivalent body of revolution

semispan of wing
area distribution of body of revolution
maximum thickness of thin cone-cylinder

perturbation velocity components parallel to the
X, Y, Z axes, respectively

perturbation velocity components immediately upstream
of trailing-edge shock on two-dimensional airfoil

perturbation velocity components immediately downstream
of trailing-edge shock on two-dimensional airfoil

perturbation velocity components associated with
solution for transonic flow about equivalent body of
revolution

perturbation velocity components associated with two-
dimensional incompressible solution of expansion or

contraction of equivalent cross section in crossflow
plane

perturbation velocity components associated with two-
dimensional incompressible solution of expanding or
contracting cross section in crossflow plane

perturbation velocity components associated with two-
dimensional incompressible solution of translating
cross section in crossflow plane

free~stream velocity

total velocity vector

quantity defined by equation (81)

quantity defined by equation (86)
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complex potential describing two-dimensional incom-
pressible flow about expanding or contracting cross
section in crossflow plane

complex potential describing two-dimensional incom-
pressible flow about translating cross section in
crossflow plane

body-fixed Cartesian coordinate system with x axis
directed rearward and aligned with longitudinal axis
of body, y axis directed to the right facing forward,
and z axis directed vertically upward

location of minimum of incompressible pressure
coefficient, C
51

location of point closest to origin where S"(x) = 0

location of sonic point on two-dimensional airfoil,
eq. (12)

dummy variable
angle of attack
ratio of specific heats

polar angle in crossflow plane

ratio of major to minor axes of elliptic cross section,
a/b

guantity defined by equation (84)
gquantity defined by eguation (89)
quantity defined by equation (70)
quantity defined by equation (71)

dummy variable

similarity parameter for two-dimensional transonic
flow, (M2 - l)/[Mi(fy + l)T]Z/B

free-stream density

complex variable in crossflow plane, y + iz

thickness ratio



0} perturbation velocity potential

¢B perturbation velocity potential associated with tran-
sonic flow about equivalent body of revolution

b, perturbation velocity potential associated with two-
dimensional incompressible solutions to translation
and growth of cross section in crossflow plane

¢, B perturbation velocity potential associated with two-
> dimensional incompressible solution for expansion or
contraction of equivalent cross section in crossflow
plane
b, & perturbation velocity potential associated with two-

> dimensional incompressible solution for expansion or
contraction of cross section in crossflow plane

o perturbation velocity potential associated with two-
dimensional incompressible solution for translation
of cross section in crossflow plane

o) total velocity potential

W cone semiapex angle
THEORETICAL BASIS OF ANALYSIS

Methods Available

Of the methods currently available for obtaining solutions of tran-
sonic flows (ref. 1) only two were considered appropriate in view of the
ultimate goal of this study. These are the integral equation method
(refs. 11 through 18) and the method of local linearization (refs. 7, 19,
and 20). Both of these methods are notable for their success in providing
approximate solutions of good quality of the small disturbance equation

for inviscid transonic flow,

2
Moo(y + 1)

2 — ——
(L - Mm)¢xx " ¢YY * ¢ZZ B U, ¢x¢xx (1)

where M_  is the free-stream Mach number, U  the free-stream velocity,

v the ratio of specific heats, ¢ the perturbation velocity poten~

tial, and the coordinate system is such that x is either in the direction

of the free stream or, in the case of lifting flows, aligned with the

longitudinal axis of the body. This equation differs from the well-known



Prandtl-Glauert equation of linearized theory only by the retention of the
term on the right-hand side; this term, however, has the effect of making
the equation both nonlinear and of mixed type. It has been amply demon-
strated (refs. 21 through 24) that a significant body of transonic flow
problems can be adequately treated within the framework of the theory
represented by this equation. An important additional feature of equa-
tion (1) is that it is applicable not only to transonic flows, but to
subsonic and supersonic flows as well. Consequently, it provides a basis
for a unified flow theory for Mach mmbers from O up to that Mach number
(at least 2 or 3) at which nonlinear hypersonic effects become significant

and must be taken into account.

With regard to the integral equation method, its theoretical basis
stems from a nonlinear integral equation derived from equation (1) by
application of Green's theorem. The method is such that for a body of
specified shape the analysis proceeds directly to the solution (as opposed
to the hodograph method) from initial analytical steps through a combina-
tion of numerical and iterative procedures. Although the method is
potentially more versatile, it has been applied primarily to planar flow
past nonlifting symmetric airfoils with sharp leading edges and for free-
stream Mach numbers less than unity. Development of this method to handle
a lifting, wing-body combination would require three difficult steps:

(a) extension of the two-dimensional results for airfoils to wings of
finite aspect ratio, (b) introduction of angle of attack, and (c) intro-

duction of the body of the wing-body combination.

On the other hand, the local linearization method which has grown
out of the parabolic method of Oswatitsch and Keune (ref. 25) has been
developed for planar flow past thin, nonlifting, symmetric airfoils
(ref. 19) and axisymmetric flow past slender bodies of revolution (ref. 7)

Lo ¢} o0 -

for free-stream Mach numbers in the ranges M _= 1, M < M, 29 and
H

M < M_ (where M and M are the lower and upper critical
cr,u 0 cr, / c

r,u

Mach numbers bounding the transonic range). It has also been extended to
flows with M_ =~ 1 past nonlifting wings of finite span having simple
planform and airfoil shapes (ref. 20). Thus, it is the most versatile of
all theoretical methods currently available for predicting the aerodynamic
properties of thin wings and slender bodies in the transonic regime. 1In
addition, this method has consistently demonstrated accuracy comparable

with the best theoretical and experimental results available.

8




An important additional consideration is the possibility of further
extending this method by generalizing the analysis to include shock waves.
It appears possible that the local linearization method may be advanced in
this direction as well as others without becoming analytically cumbersome.
Accordingly, this method has been selected for further study as holding
the greatest promise for successful application to three-dimensional
transonic flows about lifting wing-body combinations.

Two-Dimensional Flows

The application of the local linearization method to two-~dimensional
flow past thin, nonlifting airfoils is carried out in detail in reference 19.
Because for planar transonic flows, the similarity rules for relating flows
about families of affinely related profiles are exact within the framework
of transonic small-disturbance theory, it is both concise and convenient
to present results for these classes of flows in terms of the transonic
similarity parameter

M2 -1

b = [M:(Y + 1)T]2/3 )

and the similarity form of the pressure coefficient

2
_ M_(y + 1)
C_=|—— c (3)
P 2 P

where T represents the thickness ratio.

Once results are calculated in terms of these reduced variables, it
is a simple matter to convert them for a specific airfoil to results in
terms of physical variables and parameters by means of equation (3)
where Cp = -2¢X/Uw.

Surface pressure distributions.- For nonlifting, purely subsonic flows,

the local linearization method provides the result that the surface pressure
distribution is given by
c 2/3

Pi
T

(4)

Cp= 2(&, + (6,02 + 3



where Cpi is the well-known incompressible pressure coefficient

2 f S .

j[ signifies the Cauchy principal, and dz/dé represents the slope of

the airfoil upper surface. The two-dimensional shapes considered herein

C

are those tested in reference 27. These profiles are members of the

family of airfoils having ordinates 2z given by

n/ (n-1)
R e LR O (6)
1/ (n=-1)
(), -
max
or
n/ (n-1}
2 lz—(n—:T[l '}ci-(l——-)] (8)
1/(n~-1
(§>Z 1= (3) (9)
max
for n = constant > 2.

For purely supersonic flows, the surface pressure distribution

according to local linearization theory is

e- 2 (e - [ -2 2(9]77)

while the corresponding result for accelerating transonic flows with

M =1 1is

3

Gl [ ) e

10



where x* is the point at which

X
1[Mdg,o (12)
A

Critical Mach numbers.- The lower and upper critical Mach numbers are

defined, respectively, as the lowest subsonic Mach number and the highest
supersonic Mach number at which sonic velocity occurs on the surface of
the body. For a given airfoil in subsonic flow, as the free-stream Mach
number is increased, sonic velocity first occurs on the body at the point
of minimum pressure and at that free-stream Mach number at which

c =2¢C

= 2¢ (13)
P Plcr,[, o0

Thus, at M_=M equation (4) provides

cr, £

cC

bj

(-£)%% + 3 =0 (14)

T

X=X

where X0 is the point at which

C C
Pi _ < pi) (15)
T T .

min

This yields the following equation to be solved for MCr 2°
2

c

3 Py 2

(1 -m2_ )2 13 (4 1)1 <— M =0 (16)
cr, 4 4 T /ain cr,

For a given sharp-nosed airfoil, as the free-stream Mach number M
increases beyond one, the bow shock wave that is formed ahead of the
airfoil nose moves steadily toward attachment to it and the region of
subsonic flow surrounding the nose continuocusly diminishes in size. The
upper critical Mach number is attained when the region of subsonic flow
first disappears. According to the method of local linearization, this

occurs when the quantity AH vanishes, where

11



-t o]

and the upper and lower signs are to be applied to the upper and lower
surfaces, respectively. Thus, for the upper surface of the airfoil, the
location at which AH would first vanish is at the point of largest
positive slope, whereas on the lower surface it would be at the point of
largest negative slope. For symmetric airfoils, these points coincide,
and in particular, for the airfoils considered herein, this location is at

the nose. From equation (10), this implies that

/e 3 d 7
e |° -5 =(= =0 (18)
o cr,u 2 dx T).X=O
which provides the following equation for Mcr a’
3
2 _y3/2 _3 4z 2
(Mcr’u 1) 5 (y+ 1)t {dx T) X=O}Mcr,u = 0 (19)

Three-Dimensional Flows

The analysis presented for the three-dimensional flows considered
is expressed in terms of a body-fixed Cartesian coordinate system centered
at the nose with the x axis directed rearward and aligned with the
longitudinal axis of the body, the y axis directed to the right facing
forward, and the =z axis directed vertically upward so that the x-z
plane is a plane of symmetry of the body - for example, perpendicular to
the plane of the wing of a wing-body combination. The free-stream direc-
tion may be inclined a small angle to the x axis, although attention is
confined to cases in which it is in the x~z plane, i.e., no sideslip.
With the fundamental assumption of inviscid small disturbance flow theory
that the flow is irrotational and isentropic so that the velocity VYV at
any point can be obtained as the gradient of a potential &, it is possible
to define a perturbation velocity potential ¢ related to ¢ according

to (see ref. 6)

O (%,v,2) = U _(x + az) + ¢(x,y,2) (20)

o ¢

where U_ = represents the free-stream velocity, and o the angle of

attack. Although the governing partial differential equation for ¢ has

12



been written in several slightly different forms in transonic flow studies,
we use the form given in equation (1) for the reasons first put forward
in reference 27 and confirmed in subsequent studies. As indicated in
reference 6, this equation applies whether the coordinate system is aligned
with the =x axis parallel to the direction of the free stream, as in
most derivations (ref. 28), or inclined a small angle to it as in the
present applications to lifting configurations. The expression for the
pressure coefficient Cp = (p - pw)/(pwUz/Z) is not invariant with
respect to small rotations of the coordinate system, however, and is as
follows (ref. 6) in the coordinate system described above

Cp = - (B ad)) - = (92 + 93) (21)
0 U,
The boundary conditions require that V = i U_ + k aU, infinitely far
from the body, where ?: G: and 1? are unit vectors parallel to the x,
vy, and =z axes, and that the velocity component Vi normal to the body

surface be zero at the body. The boundary conditions for ¢ may thus be

written as follows for slender bodies or thin wings having small n, (ref. 6):
p(e) = 0
Uw(n1 + ana) + n2¢y + n3¢z = Um(nl + ans) + ¢n (22)

0 (on the body)

where n =in, + jn, + kn, is the unit normal to the surface, and n

s and n, are the direction cosines of n with respect to the x, y,

and 2z axes, respectively.

1?
n

Axisymmetric Flows

Application of the local linearization method to axisymmetric flows
about slender bodies of revolution has been carried out and is given in
detail in reference 7. Because the similarity rules for relating sur-
face pressures on families of affine bodies of revolution are not exact
within the framework of the small disturbance theory for transonic flow,
in contrast to the situation for airfoils and wings of finite span, it

is convenient in this instance to calculate flow properties in terms of

13



the ordinary pressure coefficient C

and the perturbation velocity
component u.

Surface pressure distributions.- The local linearization method pro-

vides the following results for the perturbation velocity component

u/U_
on the body surface. For purely subsonic flows
4 fuy _ 8"x) - M2 -
ax <Um) = T4 In (1 M2 ku)
£
4 |s"x) S (%) 1 [ 8" - 8"(g)
* ax 47 In arx (4 - x) T ar [x - ¢ dg (23)
o
for purely supersonic flows
4 /fuy _ 8Mx) 2 _
ax Uoo) = Ty in (Mg - 1+ k)
X
, 48,86, L stGa) - 85v(E) g (24)
dx 4 Arw® 2T X - £
TX
o
and for accelerating transonic flows with M_ = 1
2 —
d u _ S'(x)s"(x) 41 u Mo L
ax\u_ ) T Tamsx T P\sv) lv. t =, .
oo ’ oo M~ (y + 1)
o
2 C X
4T 4mrx 41 X - £
o
where k 1in equations (23) and (24) is equal to Mi(y + 1) /u , C in
oo
equation (25) is Euler's constant = 0.5772, S(x) represents the area
distribution, and primes indicate differentiation with respect to the
appropriate variable.
For general bodies, closed form solutions analogous to equations (4),
(10), and (l11) for planar flow cannot be found and recourse must be had
to numerical integration. However, equations (23), (24), and (25) are of

the general form

14
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= = F(x,u) (26)

so that standard numerical techniques can be applied. For all bodies to
be considered herein, the integration is begun at the positive root, Xos

of the equation
S"(x) =0 (27)

that is closest to the origin.

The values of u/Uco at this point that are necessary to start the

integration are for subsonic flow (eqg. (23))

£
l n n
w-d [ SEEEE e e st -0 29)
o

for supersonic flow (eq. (24))

prd
_U.__ - .L S" (X); - S"(E) " -
U 2w f X — d¢ at sS"(x) =0 (29)
o
and for accelerating transonic flows with M_ = 1 (eq. (25))
l - M'2 X n 1
Eu_=___L+_l_f SM(x) = S"(E) 4p ar sv(x) = O (30)
2 a7 X - £
o0 M” (y + 1)
0 (o)

The boundary conditions (28) and (29) are sufficient to determine a
unique solution for the cases of purely subsonic or purely supersonic
flow, respectively, but additional considerations are necessary for
accelerating transonic flows. This is so because the differential
equation (25) is singular at the point Xy where S"(x) vanishes.
Consequently, there exist an infinite number of integral curves which
pass through that point satisfying the boundary condition (30). Of all
these curves, however, only one is analytic (all derivitives finite) and
selection of it suffices to determine a unique solution that is in good
agreement with experimental data. This choice assures that the solution

for u/Uoo can be expanded in a Taylor series in the neighborhood of the

15



point where S"(x) wvanishes. The remainder of the solution can then be

determined by application of standard numerical techniques.

Critical Mach numbers.-~ The lower critical Mach number for slender

axisymmetric bodies is found in a manner somewhat similar to that used
for two-dimensional flows over thin airfoils. For a given body of revo-
lution, the lower critical Mach number is the lowest subsonic free-stream
Mach number at which sonic velocity occurs at the point on the body where
uw/U_ = (u/U ) This occurs at that free-stream Mach number which

oo’ max ”®
satisfies the relation

2 2 u _
L- w2, = ME v+ 1) (%) 0 (31)
max

It is not possible to give a more explicit formula, however, because
(u/Um)max and M_  are related to each, other through the differential
equation (23) rather than an integral relationship such as (14) in the
two-dimensional case. Thus, it is necessary to carry out a combination
of numerical integrations of that equation and iterations on the free-
stream Mach number in order to determine Mcr,ﬂ' Correspondingly, the
upper critical Mach number is obtained at the highest supersonic free-
stream Mach number such that for the class of shapes considered herein
sonic velocity is obtained at the nose. At this point, Mcr,u = M_ and

2 _ 2 . =
Mcr,u 1+ Mcr’u(y + 1) <[%D> 0 (32)

X=0

0
are related through the differential equation (24) and a numerical inte-

Again, a more explicit relation cannot be given, as M and (u/U_) =0

gration of that equation together with an iteration procedure on M
is necessary in order to obtain M .
cr,u

Transonic Equivalence Rule

The transonic equivalence rule provides a powerful tool for reducing
a complex transonic flow to a sum of simpler constituent flows that are
more amenable to analysis. The rule relates the transonic flow around a
slender body of arbitrary cross section to the flow around an "equivalent"

nonlifting body of revolution having the same longitudinal distribution

le



of cross sectional area S(x). First stated by Oswatitsch (ref. 29) for
transonic flow past thin nonlifting wings, it was extended to lifting
wings by Spreiter (ref. 21) and to slender wing-body combinations of
arbitrary cross section by Heaslet and Spreiter (ref. 6). This rule is
obviously closely associated with the transonic area rule of Whitcomb
(ref. 30) relating to drag, but pertains in addition to the properties of
the flow field, such as the velocity and pressure, that are derivable from
a knowledge of the potential. It is also closely related to one of the
simplest results of slender-body theory of subsonic and supersonic, as
well as transonic, flow, which states that the expression for ¢ in the
vicinity of a slender body of arbitrary cross section is approximately of
the form

¢ = ¢2(X,y,2) + g(x) (33)

where ¢2 is the solution of Laplace's equation

¢yy +¢,, =0 (34)
for the given boundary conditions in the y-z plane at each x station,
and g(x) is an additional contribution dependent upon M_ and S5(x)
but not on the shape of the cross section. Consequently, it is possible
to determine g(x) from the simpler problem of axisymmetric flow past
the equivalent body. Aside from the significant reductions of the tran-
sonic drag rise achieved by application of Whitcomb's area rule, the
opportunities for advance provided by the transonic equivalence rule have
never been fully exploited. This was primarily because methods were not
available for solving the axisymmetric flow problems until several years
after the equivalence rule was discovered; by then interest had declined

to such a low level that few applications were made.

The equivalence rule is described mathematically by

D=6, ot by p =% pt b (35)

where and ¢2 g are solutions of the two-dimensional Laplace
3

qb2,a’ ¢2,t’

equation as indicated in figure 1. Thus, ¢, o is the two-dimensional
H

incompressible-flow solution for translation of the cross section and

¢2 £ is the corresponding solution for growth of the cross section.
>
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The term ¢ represents the two-dimensional incompressible-flow

solution foi’ihe growth of a body of revolution having the same cross
sectional area as the original body. The subtraction of this term in
equation (35) has the effect of cancelling the logarithmic growth of
¢2,t at large lateral distances from the body axis. Finally, ¢B repre-
sents the three-dimensional solution of the full transonic equation (1).
The above description for ¢ follows immediately from equation (33) by
writing that equation once for the body of arbitrary cross section and once
for the equivalent body, and then subtracting the results. The order of
error in equation (35) has been established (ref. 2) for thin wings of
aspect ratio A, chord ¢, and thickness ratio <. It was found that the
magnitude of the quantity ¢/Umc retained in the eqguivalence rule is

O(AT 1ln A), whereas that of the quantities discarded in the derivation

for M = 1 is O(A*712 1n A). Since the magnitude of the quantities
discarded in the derivation of the corresponding result in linearized
subsonic and supersonic flow past slender bodies is 0(A%7 1n A), it
follows that the equivalence rule ought to be applicable to wings of

greater aspect ratio at M_ = 1 than at any other Mach number.

Once the appropriate expression has been constructed for ¢, the
pressure distribution on or near the surface of slender bodies may be
determined by use of the expression for Cp given in equation (21).

The results may, in turn, be integrated to obtain expressions or values
for the total forces, including 1lift, drag, and moments on slender bodies
or wing-body combinations of arbitrary cross section. Since the aero-—
dynamic loading, lift, and all lateral forces and moments may be expressed
in terms of differences in pressure between pairs of points at the same
longitudinal station, these quantities depend solely on ¢, and are
therefore independent of M_. In particular, we note, as discussed more
than two decades ago (refs. 31, 32) and previous to the discovery of

the transonic equivalence rule, that these quantities may be calculated
quite adequately by linearized slender-body theory even though M = may
be unity.

One of the more important objectives of this investigation is to
provide a systematic evaluation of the effectiveness of the transonic
equivalence rule. Two basic tests exist for doing this. They involve
study of the capability of the equivalence rule (a) to account for

changes in flow properties on the surface of slender bodies due to
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moderate nonaxisymmetric effects of body shape and lift and (b) to
predict transonic flow-field properties at field points removed by

moderate lateral distances from the body surface.

Surface pressure distributions = nonlifting bodies.- To study the

effects of body shape on the flow properties at the surface of slender
bodies, we have considered the nonlifting parabolic-arc bodies having
elliptical cross sections studied experimentally in reference 8. The
expression for the velocity potential ¢2,t required to describe the
expanding and contracting of the elliptic cross sections shown in the

figure below

while retaining a constant ratio A = a/b of major to minor axis is

known (ref. 33) and given by the relation

U _S'(x) 1/2
b2 ¢ = RP.(Wy y) = R.P.{——zT— in [0..,.+__ (0Z_= 22 + b?) ]} (36)

3

where wz,t

complex function, ¢ is the complex variable in the crossflow plane

is the complex potential, R.P. signifies the real part of a

o=y + iz (37)
and S' (x) is the first derivative of the cross sectional area
S(x) = Ta(x)b(x) = 7waz2(x)/A (38)

The velocity components associated with this flow are

0%, € aw2 £
uz’t=T= R.P. — 2= (39)
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aw,, £
(V= iWs ¢ = 7a5 (40)
3

Introduction of equation (36) into equations (39) and (40) provides the

following results for these quantities at points on the body surface:

_ ST O+ 1)2 s(x)
Uy ¢ - 4T In 47 A
’ surface
dR 2 5 3 C 5
_ Uoo< d}e{b) (r - 1) coss 6 A s:Ln2 6 (41)
cos® 6 + A%* sin® 0

( eb) 1/2

1/ 2 2 cin2

U A 3 (cos2 6 + A2 sin? 9) ??i#f (42)
25 Isurface (cos2 8 + A% sin2 9)

o]

- < - —  (43)

dRrR
U %5/2 ( zb) (cos2 6 + A2 sinZ® 9)1/2 sin 6
W, tl
» “|surface (cos2 9 + A% sin2 @)

where Ry, represents the radius of the equivalent body of revolution.

The corresponding expressions for ¢ are found by setting A =1

2,B
in the above formulas. Thus,
U _s'(x)
¢>2 B = —on 1n r (44)
2
_ UmS'(x) S (x
Yz,B - w5 (43)
>“ Isurface
dR
_ eb
VZ’B = U < P > cos 8 (46)
dR
_ eb .
WZ,B = U, < I ) sin 8 (47)
The velocity perturbation u, = (qhB)X associated with the three-dimensional

solution for flow about the equivalent body of revolution is, of course,

obtained through equation (23), (24), or (25), depending upon the Mach
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b

number regime, while the lateral velocities are obtained from the slender-

body approximation to the boundary condition for this problem, i.e.,

drR_;,
l1im [r(¢B)r] = UmReb o (48)
r—o
Thus, at the surface
dr
(6) | = U, < dj") (49)
surface

The pressure coefficient for points on the surface of this class of
shapes can now be found by introducing the results of equations (41)
through (49) into equation (21) with o = 0. We find, after some

simplification,
__ s 5" (x) (A + 1)2
< =TT R 7
Plsurface L] ™ A
surface
2

dReb cos2 8 + N2 sin® @
- = 2 - (50)

cos2 6 + A% sinZ g
where ug is found from the appropriate local linearization equation for

axisymmetric flow about the equivalent parabolic-arc body of revolution.

Surface pressure distributions ~ lifting bodies.- The lifting tran-

sonic flows considered involve the same bodies mentioned above but now
inclined to the free stream at small angles of attack. The two-dimensional
potential ¢, a required to describe the falling, at a constant rate

b
U_a, of the elliptical cross section is (see ref. 33)

iQu
R.P.{ 2 [o - (02 - a2 + bZ‘)l/2

0] a = R.P.(W2 a)

3 b

2

B (a + )2
+ 5+ (02 - a2 + bz)l/é ]:} (51)
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The velocity components at the body surface are found by operations

analogous to those used for the thickness problem. Thus,

o ) - Rep 232 (0 + 1) (cos® 6 + A2 sin? 6)*/2 gin 8
2,07 | surface ® dx (cos? 8 + A% sin2 9)
(52)
-aU_»* (A + 1) sin 6 cos 6
V2 O.l = " - [ (53)
>~ |surface cos® 6 + AT sin? B
—anK(xa sin2 6 - cos2 8)
Y, o = S (54)
>~ |surface cos2 6 + 2% sin2 6

Upon using equation (21) for the pressure coefficient and equations (36),
(44), and (51) for the various velocity potentials, the result for the
surface pressure coefficient on lifting‘parabolic—arc bodies having

elliptical cross sections is

N YB S" (%) h+ 1)z
Cp = 2T - T in i

® surface
2
<dRe?> 5 2 cos? 6 + A2 sin® 6
dx cos? 6 + A% sin2 06

- 2a (dReb> 2%/2 (0 + 1) (cos® 6 + A2 sin? 8)'/% sin ¢

dx (cos2 9 + A% sin? 9)

- 1ne 2 2
- [ A sin®? 6 + (A2 + 2)A)cos® 0 (55)
cos2 @ + A% sin? 9
For a body of revolution, this reduces to
u dR 2 dR
_ _, B _ eb _ eb) _ 5, >
Cp = =2 T <:dx > 4q ( I > a2 (-1 + 4 cos? 9) (56)

which agrees with reference 34.

22




Flow-field pressure distributions.- To provide a more complete test

of the effectiveness of the equivalence rule for predicting transonic flow-
field properties, flows about both axisymmetric and nonaxisymmetric shapes
were considered. The axisymmetric bodies chosen for comparison of theory
and data were those tested in references 35 and 36 having various loca-
tions of the point of maximum thickness, while the nonaxisymmetric shapes
were the parabolic-arc bodies with elliptical cross sections mentioned
previously in connection with surface pressure distributions. Unfortunately,
flow—-field data are available only for nonlifting flows about these bodies
so that no systematic comparisons can be made for the important case of

the transonic flow field about lifting bodies.

For an arbitrary nonlifting body, we may write according to

equation (35)

b = b, ¢ - b, B T bB (57)
where from equation (33)
gx) = lim (b - </>2,B) (58)
r—o

Equation (57) is wvalid both at points on and in the vicinity of the
slender body. 1f the derivative of equation (57) is taken and the result
applied to an arbitrary point in the flow field and also to a point on the

body surface, we have

= (¢ ) + (=9 + 95) (59)
X | e 2,t 2,B B
field 77 ¥lfield *|field
¢X| = (b, ) + (=t 5 + ¢p) (60)
surface L ¢ ? X
surface surface
Subtracting equations (59) and (60) and using eguation (58), we have
Tl eirg ¢X| foce T (q>2,t)X - (9, ¢) (61)
1€ surtace field surface
and by using equation (59),
ilerarg = @20 (9, 5) + (0p) (62)
Xlfield surface sur face
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or equivalently,

UWS"(x)
o) = u - —————— 1ln R + (63)

®Xlfiela 2t field e eb surface

Introduction of these expressions into equation (21) provides the result
that the flow-field pressure coefficient for flow about a nonlifting,

nonaxisymmetric slender body is

2u 2u "
c - _._B _ et L8 g g
o) U U T eb
surface o field
2 2
(@,0) =+ (0 )
- Y - (64)
U
[ee]

For a body of revolution

UwS'(x)

¢2t=—27r——lnr (65)

3

- so that the pressure coefficient at a field point at a lateral distance

r from the body axis is

2 2
_ 2uB S"(x) r Reb dReb
C_ = = — - 1n - (66)
P U, T Reb r dx

surface
For the parabolic-arc bodies having elliptic cross section, ¢, £ is
>
given in equation (36). Upon introducing that quantity in equation (64),
we find that the pressure coefficient at an arbitrary point re'® in the
crossflow plane is
C .
P cr=re19
2u “ . 5 . 1/2
S PRSYR-J (R=AC. SR S N A G |
Uoo T 2-ﬁ b b2 .
surface

{(egq. (67) cont. on next page)
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2
N <dReb) 2% - 1)
dx 1/2 > . 1/2
( ->\2+1> I o210 _ 32 4

- (67)

COMPUTATIONAL ANALYSIS

This section furnishes a brief description of the various computa-
tional programs developed in order to provide an understanding of the
basic logic as well as some of the limitations inherent in them. Listings

of all programs are given in Appendices A and B,

Two-Dimensional Flows

All of the two-dimensional programs developed involve the class of
airfoils whose ordinates and location of the point of maximum thickness
are described by equations (6) through (9); hence, the first step in
each of these programs involves the calculation of the exponent n

according to either of equation (7) or (9).

Surface pressures.- The program developed for calculating the surface

pressure distribution for purely subsonic flows then calculates the

incompressible pressure coefficient C defined by eqguation (5).

b3
Because of the singularity at the point x = ¢, that particular form of

the relation is inconvenient for numerical purposes. B&An alternative form
more suited for numerical computation is found by adding to and subtracting

from that equation the term

C

2 dZ(X)/Tf g _ 2 dz(x)/= 1n (c - x) (68)

T dx x - £ ™ dx x

o
Consequently, we have

c dz(e)/v _ dz2(x)/< ,
de¢ dx 2 4z (x) - X
-3 o€ % v 3 EES W (S5E) o
o
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where the Cauchy principal value of the integral is no longer required, as
the integrand is now continuous at all points in the integration interval.
The integral involved in equation (69) is evaluated by using Simpson's
rule. Thus, for a given airfoil of the class described by equations (6)
and (8), the computational program determines Cpi/T from equation (69)
for successive values of x along the airfoil surface and then calcu-

lates the values of Eé and Cp from equations (4) and (3), respectively.
If the value of the guantity

CP
5 b,
il (70)

= 3/2
AE = (—gw) +
becomes negative at some point along the airfoil surface, then the free-
stream Mach number is greater than the lower critical Mach number; the
flow field will possess a region of supersonic flow that may or may not

be terminated by a shock wave and the above program does not apply.

The program for calculating the surface pressure distribution for
purely supersonic flow involves calculation of the slope of the profile
from either of equations (6) or (8) and the values of Eb and Cp from

equations (10) and (3), respectively. If the quantity

_ p3/2 3 d 1Z2(x
by =& T3 ax [ c ] (71)

becomes negative at some point along the airfoil surface, the free-~stream
Mach number is less than the upper critical. Under these circumstances,

a region of subsonic flow would then exist in the vicinity of the nose and
the above program would not be applicable. Since the airfoils considered
herein have their largest positive slope at the nose, the location at which

AH defined in equation (71) would first become negative would be at that
point.

To calculate accelerating transonic flows at M_ = 1, it is convenient
to recast equation (11) into an alternative form which avoids the square-
root singularity of the integrand at x = £. For this purpose, the inner
integral of that equation can be rewritten in the following manner:
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G (x,) =[ ————E‘g)—l/—z a
ol e az (x, )/
:' Xm / Z Xl T
4 N Pt e 72

The computational program proceeds by first calculating the location of
the point x* on the airfoil surface at which sonic velocity occurs.

This is found from equation (12) as the point where

dG (x) =0
dx

For the class of airfoils considered, the function G(x) has one maximum
and no minimum in the range 0 to ¢ so that x* 1is located approximately
at first by evaluating G(x) at points successively farther from the
origin until that function passes through its maximum and then more
accurately by using a parabolic interpolation. The integral involwved in
equation (72) is computed by using Simpson's rule. Next, the integral

H(x) where

dax

dc(x.)1"
H(x) = %— [————i—} dx (73)
1

is calculated as a function of x again using Simpson's rule, and then
C and Cp are found by using equations (11) and (3), respectively.
Care must be exercised in equation (11) to insure the proper sign is

maintained for x < x* and x* < x. Thus,

x* dG x )

p [ ————- dx X < x* (74)
dG(x )

p <: {: Jr :} j> x* < x (75)
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Critical Mach numbers.- The calculation of the lower critical Mach

number proceeds by first locating the point on the airfoil surface where
Cpi/T is a minimum and then calculating that minimum value (Cpi/T).
For the airfoils described by eguations (6) and (8), Cpi/T has one mini-
mum along the chord, so that point can be readily calculated by using a
technique analogous to the one used for locating x* in the transonic
program. The lower critical Mach number is then found by solving equa-
tion (16) iteratively until Mcr,z is calculated to within a desired
accuracy.

The upper critical Mach number is found by calculating the slope of
the airfoil surface at the nose from either of eqguations (6) or (8),
inserting the result in equation (19) and iterating on that equation until
Mcr,u is obtained within a specified accuracy.

Axisymmetric Flows

Surface pressures.— The programs for calculating the sur face pres-

sure distribution on slender bodies of revolution by the method of local

linearization differ essentially from those developed for two-dimensional
flows in that a differential equation must be integrated in all cases for
the former. All of the axisymmetric bodies or, in the case of nonaxisym-
metric bodies, the "equivalent" bodies of revolution considered here have

profiles described by the equations

n/(n-1) [ _ n
s- o [5-3)]
(%> =<?l{)1/(n—1) (77)
Rmax
n/ (n-1) n
P-eeo 0] )

&), -
max

with n = constant > 2. Thus, analogous to the two~-dimensional programs,
the first step in all of the axisymmetric programs is the calculation of

the exponent n according to the relation in either equation (77) ox (79).
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For purely subsonic flows, the longitudinal perturbation velocity
component u on the body surface is calculated by integrating equation (23).
Since, however, part of the right-=hand side of that equation contains a
perfect differential, it is convenient to rewrite the differential equation
in terms of another dependent variable in order to avoid unnecessary

numerical computation involving that term. If we define

£
= 8"(x) S (x) 1 S"(x) - S"(£)
) =" - n s -0 " ar =] 9 (80)
o
and
VE(x) = u(x) - fE(x) (81)
then the differential equation for VE is
av
B _ gy _ 2 _
= S 1 [1 - M2 - k(v + fE)] (82)

The initial condition becomes, simply

VE(x) = 0 at S"(x) = 0 (83)

Thus, the computational program first integrates the differential equa-
tion (82) from the starting condition (83) up to some point x and then
calculates u(x) from equation (8l) and the pressure coefficient according
to equation (21) with o = 0. The calculation proceeds first from the
starting point to a specified point close to the nose, then returns to

the starting point and proceeds to integrate toward the tail. The calcu-~
lations cannot be carried right to the nose or tail of these sharp-tipped
bodies as the local linearization method predicts a logarithmic singularity
at these locations, much like that indicated by linearized subsonic flow

theory. If at any point along the body the quantity

AL =1 - M2 - M3 (y + 1) =+ (84)
E w = YootV T

becomes negative the free-stream Mach number is greater than the lower
critical Mach numberj the flow field would have a region of local super-
sonic flow and the above computational program does not apply.
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For purely supersonic flows, the computation of u and CP on the
body surface is carried out in a manner similar to that used for purely

subsonic flows. 1In this instance, we define

x
- S"(x) S (x) 1 S"(x) =~ S"(£)
fH(x) = Zr 1n o + ZW_[- a— de (85)
o
VH(X) = u(x) - fH(x) (86)

The differential equation (24) then becomes

H o S"(x > _ ]
- B an [M2 -1+ k(v + ) (87)

subject to the boundary condition

V. (x) = O at S"(x) = 0 (88)

The computational program begins the integration with the starting condi-
tions indicated by equation (87) and proceeds toward the nose. In this
case, the integration can be carried right to that point because the

method of local linearization, consistent with linearized supersonic theory,
predicts no singularity in u there for a sharp-tipped body. If, however,
before the nose is reached, the qguantity

ANy = M2 o= 1+ ME(y + 1) (89)

2
H U
becomes negative, the free-stream Mach number is less than the upper
critical. Under these conditions, for the same reason as discussed in
connection with supersonic flow over airfoils, a region of subsonic flow
would exist in that vicinity and the present program would not be appli-
cable. If %E remains positive right up to the nose, the program returns
to the starting point and begins to integrate toward the tail. However,
a unique feature of supersonic axisymmetric flow causes the flow field to
become subsonic near the tail of these bodies and many other classes of
shapes that terminate like a cone. This is caused by expansion waves,
which emanate from the body surface, reflecting from the bow shock as

compression waves and increasing in strength as they coalesce or focus on
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the tapering aft section of the body. These incoming compression waves
are of sufficient strength to cause a pressure recovery to subsonic speeds
upstream of the pointed tail. The basic assumptions of purely supersonic
flow are violated, therefore, and further considerations concerning the
nature of the transition from supersonic to subsonic flow are necessary
if the calculation is to continue to the end of the body. Similar pheno-
mena occur for sonic or near sonic free-stream flow about these bodies
and this point is discussed further in that section. The entire matter,
however, is not of prime importance since, as pointed out in reference 7,
(a) the region involved is generally quite small, (b) viscous effects are
certainly present in these regions, and (c) the information is often not
reguired as bodies used in practice or studied in wind-tunnel tests are
usually cut off forward of this region. 1In any case, when this point is

reached, the above computational program terminates.

For accelerating transonic flows with M_ = 1, the substitutions used
to rewrite the original differential equations for subsonic or supersonic
flows do not apply, and it is more convenient to integrate the original
differential equation (25) as it stands. Because that equation is singu-
lar at the point where S"(x) vanishes, it is necessary to use the Taylor
series expansion of the analytic solution for u about that point in
order to extend the starting point of the numerical integration far enough
away from the singularity so that the standard integrating package can
take over. For order-of-error consistency with the integrating scheme,
the first six terms of the Taylor series for u are used., The integration
is first carried to some specified point close to the nose since, as in
the subsonic case, the local linearization method predicts a logarithmic
singularity there for a sharp-~tipped body. The integration then returns
to the starting point, and begins the integration to the tail by again
using the Taylor series expansion. However, because the differential
equation (25) was derived for accelerating transonic flows, it cannot be
used over the entire aft section of the body. The reason for this is
similar to that discussed in connection with purely supersonic flows. In
this case, the expansion waves that emanate from the body surface are
reflected from the sonic line as compression waves; these reflected waves
ultimately cause the flow to decelerate somewhere on the aft section of
these bodies so that, if information is desired about the flow in those

regions, additional assumptions and considerations must be introduced.
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Spreiter and Alksne have shown in reference 7 that a reasonable approxima-
tion, which is in good accord with experimental evidence, is to join the
parabolic differential equation (25) to the hyperbolic differential equa-
tion (24) at the point where both u and du/dx as predicted by these
two equations match. In the computational program, this is accomplished
by calculating the value of du/dx from the hyperbolic equation (24) by
using the value of u predicted by the parabolic equation (25) as the
latter is integrated toward the tail. When the values of du/dx predicted
by both equations match, a transfer is made to the hyperbolic equation and
the calculation continues toward the tail. As was the case for purely
supersonic flows, for sonic or near sonic free-stream flows the region of
supersonic flow does not extend all the way to the rear tip of bodies such
as those considered here that terminate like a cone. Rather, the flow
decelerates and reaches sonic velocity at a point somewhat forward of the
rear tip. While the flow in the immediate vicinity of the rear tip is
known to be subsonic, little more has been established about the nature

of the flow in that region. It is clear, however, that two possibilities
exist regarding the nature of the transition from supersonic to subsonic
along the body surface. The transition may be accomplished in a discon-
tinuous manner involving one or more shock waves that extend to the body
surface, or it may be accomplished in a continuous manner with a smooth
deceleration through sonic velocity. In either case, shock waves are
present in the flow field but do not extend to the body surface for the
latter case of smooth deceleration through sonic velocity. It is assumed
in the present analysis that this transition from supersonic to subsonic
flow along the body surface is continuous and that the results predicted
by the hyperbolic equation (24) are valid up to the immediate vicinity of
the rear sonic point. Furthermore, it is assumed that the results for
subsonic flow along the remainder of the body can be calculated by means
of the elliptic equation (23). Although both equations (23) and (24)
predict a logarithmically infinite slope at the rear sonic point, the
extent of the region involved is exponentially small, so that Spreiter

and Alksne (ref. 7) were able to show by the method of isoclines that the
transfer from the hyperbolic to the elliptic equation involves a discon-
tinuity that is restricted to a region sufficiently small as to cause no
numerical difficulty. Consequently, it is possible to carry the calcula-

tion through the sonic point and effect the transfer of equations by means
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of a linear interpolation, subsequently continuing the calculation toward
the rear tip by using the elliptic equation (23). The calculation then

proceeds to a designated point near the rear tip and terminates.

In each of the preceding computational programs, all differential
equations are integrated by using Hamming's modified predictor-corrector
method described in the Scientific Subroutine Package (SSP) available
from the IBM Corporation. The integrals involved in those differential
equations are evaluated numerically by Simpson's rule while any deriva-
tives which must be calculated numerically are found by using a central
7-point difference formula. Analytic expressions are provided for the
area distribution function and its derivatives although the programs can
be easily modified to accommodate tabular data of this form, as would be

the case for arbitrary slender bodies of revolution.

Flow-field pressures.- Calculation of the flow-field pressure

distribution for the axisymmetric flow about slender bodies of revolution
is readily obtained through use of the equivalence rule to extend the
results for the surface pressures out into the flow field. The result of
this application, given in equation (66), indicates that the pressure
coefficient at a point removed by a lateral distance r from the body

axis is found by calculating the function £ where

1
" R _. \?/dR
£ (x,r) = - 2 7(TX) in (R:b>_( §b>< df’) (90)

and adding to it —2uB/Uw where, depending upon the Mach number range,

ug is calculated from the subsonic, supersonic, or M = 1 programs
discussed above. Consequently, the flow-field calculation can be accom-
plished by modifying only the output subroutines of these programs to

include this additional calculation if it is required.

Nonaxisymmetric Flows

Surface pressures = nonlifting and lifting.- Calculation of the

surface pressures on nonlifting parabolic-arc bodies having elliptical
cross sections that maintain a constant ratio of major to minor axes
along the body length is also conveniently accomplished through use of
the equivalence rule. Equation (50), which is the result of application
of this rule to that class of shapes, indicates the pressure coefficient
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at any point on those bodies may be found by adding the function g,

where
dr
S"(x A+ 1% cosZ B + A2 sin® 6§
g, (x,037) = - 2v) in [i~_4k : ] <. > <' 2 4 j>
os® 6 + 2* sin® 9
(91)
to -2uB/Um, where uy is calculated from the appropriate (subsonic,
supersonic, or M_ = 1) local linearization program for axisymmetric flow

past a parabolic-arc body of revolution.

For lifting flows about these bodies at small angles of attack,
equation (55) indicates that in addition to the function g, another
function g, must be added to —2uB/Uoo to obtain the surface pressure

coefficient where

5/2 2 2 2 1/2
g, (x,03h,0) = -2a <' ‘> (A+ 1)(cos® g + N2 sin® 9)°/% sin 6
(cos® 8 + A% sin® 8)

- 1ne 2 2
- a2 [ A sin® 9 + (A + 2A)cos _9] (92)

cos2 6 + A* sin2 ¢

Consequently, to obtain the surface pressure distributions on these bodies
for nonlifting and lifting situations, it is necessary to alter only the
output subroutines of the subsonic, supersonic, and M_ = 1 local lineari-
zation programs for axisymmetric flow about the equivalent parabolic-arc

body of revolution by adding the functions g, and g,.

Flow—field pressures - nonlifting.- The flow-field pressure distribu-

tion for nonlifting flow about this class of bodies is found in a similar
manner. Application of the transonic equivalence rule indicates that the
pressure coefficient at an arbitrary point rele in the crossflow plane

can be found by addition of the function

n . ) . 1/2
g, (x,r,6;7) = R.P. | - 81 (x) 1n L [% et® +-<£é—e219 -2+ ]
m 2y b

(eg. (93) cont. on next page)
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I . 1 /2 (93)
[r—4+ (a2 - 1)2] /
b

to -2uB/Uoo where again uy is calculated from the appropriate local

linearization program for axisymmetric flow about the equivalent parabolic-

arc body of revolution.

Critical Mach numbers.- The programs for calculating the critical

Mach numbers for axisymmetric flow about the bodies of revolution des-
cribed by equations (76) and (78) primarily differ from the corresponding
two-dimensional programs in that, for the latter, integral relationships
exist between the critical Mach numbers and those values of u/U_ that
determine them (see egs. (16) and (19)), whereas for the axisymmetric
cases, the analogous relationships are through different equations.
Specifically, the calculative program that determines the lower critical
Mach number on these bodies of revolution integrates differential equa-

tion (23) past the point of maximum u/U by estimating an initial value

]

for M 2° If the integration goes through that point with the gquantity
3
- _ M2 _ M2 o
Ag = 1 - M2 - ME(y + 1) (Um> (94)
max

greater than zero, then the value of the free-stream Mach number is
systematically increased and the integration repeated with the new value.
If, on the other hand, AE becomes negative before u/U_ reaches its
maximum, the value of M is reduced and the integration again repeated.
The iteration continues until KE simultaneously vanishes at the point
where 1.1/U°0 reaches its maximum and the critical Mach number is determined
to within a given tolerance. We note that at the point where XE vanishes,
equation (23) predicts a logarithmically infinite slope. This fact causes
no numerical difficulty, however, as the singularity is of such a weak

type that the lower critical Mach number can be calculated to within any

reasonable tolerance. For the bodies considered herein, the point of
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max imum u/Uo° always lies aft of the point where 8" (x) vanishes, so it
is unnecessary to carry the integration from that starting point to the

nose.

The program for calculating the upper critical Mach number proceeds

by estimating an initial value of M and then integrating differen-

cr,u
tial equation (24) toward the nose. If the integration reaches the nose

with the quantity

Ny = MZ -1+ ME(y + 1) (ﬁ:) (95)

X=0

greater than zero, then the value of the free-stream Mach number is
systematically reduced and the integration repeated with that Mach number.
If XH becomes negative before the nose is reached, the value of M is
increased and the integration repeated. The iteration continues until

%H vanishes at the nose and the upper critical Mach number is determined
to within a specified tolerance. As with the calculation of the lower
critical Mach number, the logarithmic singularity in slope in equation (24)
implied by the vanishing of %H at the nose causes no computational

difficulty.
RESULTS AND DISCUSSION

Two-Dimensional Flow

Theoretical surface pressure distributions calculated for members of
the class of airfoils described by eqguations (6) and (8) having positions
of the point of maximum thickness at 30, 40, 50, 60, and 70 percent of the
chord are presented in figure 2 for free-stream Mach number M _ = 1 and
also at the lower and upper critical values of the similarity parameter
£, ©of the airfoil in guestion. The experimental results in that figure
are for M_= 1 from reference 26 and were obtained for a family of

airfoils having thickness ratios 1 ranging from 6 to 12 percent.

The theoretical results at M _= 1 for these have been given
previously in reference 19; however, in that work, the results presented
for the airfoils with maximum thickness at 30 and 40 percent are not
exact in that the actual equations describing the airfoil ordinates are

approximated in order to obtain analytical solutions. Thus the results
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given in figure 2 for these two airfoils are new and serve to complete
the theoretical and experimental comparisons for the entire series of
airfoils tested.

We note the remarkably large extent of the transonic range for these
airfoils as indicated in the table below by the values of the critical
Mach numbers for members of that class having a thickness ratio 71 = 1/12,

(%) .30 .40 .50 .60 .70
Zmax

Moy 4 2.00 1.66 1.49 1.31 1.24

Mer, 0.75 0.77 0.79 0.77 0.75

Moreover, these ranges would be even greater were the airfoils lifting.
These same results are presented in figure 3, which shows the variation
of the critical Mach numbers as a function of the location of the point

of maximum thicknessj; this plot provides an insight into the relative size
of the Mach number ranges over which the theory and calculative programs
are applicable. Corresponding results, which are discussed later, are
shown for bodies of revolution having profiles similar to those of the
airfoils. The vertical distance between the upper and lower curves indi-
cates the extent of the transonic range for these bodies and the range in
which the purely subsonic or purely supersonic theories are inappropriate.

The slight discontinuity that appears in the slopes of the curves at
pid X _
<C) ’(7) = 0.5
Z R
max max

occurs because of the two different expressions used to describe the bodies
with maximum thickness forward or rearward of the midpoint. The figure
clearly demonstrates the rapid variation in the upper critical Mach number
Mcr,u as the point of maximum thickness moves toward the nose. It indi-
cates, furthermore, that in view of the large supersonic values predicted
for Mcr,u for these blunter-nosed shapes, the assumptions inherent in
the small-disturbance approximation are beginning to break down and that
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the theory should be applied with considerable caution to those shapes

having their maximum thickness point close to the nose.

With regard to the theoretical and experimental pressure distributions
at M_ =1 (§ = 0) in figure 2, it is apparent that except for the imme-
diate vicinity of the trailing edge, these comparisons indicate essential
agreement between the calculated and measured pressure distributions.

The general trend of the theory to agree better with the data for thicker
airfoils and for airfoils with maximum thickness forward has been examined
in some detail previously (ref. 18), and found to be consistent with the
anticipated effects of wind-tunnel-wall interference and of the viscous

boundary layer.

With respect to the differences that occur near the trailing edge,
the question arises whether they are primarily the result of boundary-
layer shock-wave interaction, as most would suppose, or whether they
might be inherent in the inviscid solution. The latter would be the
case if the local Mach number immediately upstream of the trailing edge
were not high enough for an oblique shock wave to turn the flow through
the required angle. If that should occur, the shock wave would detach
from the trailing edge and move forward onto the aft part of the airfoil,

substantially altering the pressure distribution there.

To investigate this possibility, we must consider the following
expression (ref. 27) for the transonic approximation for the shock polar,
where u and w refer to the Cartesian components of the perturbation
velocity and subscripts a and b refer to conditions ahead and behind

the shock wave:

M2 (y + 1) fu_ +
(1 - M2)(u - w)® + (w, - w)® = > <azub> (u - w)® (96)

(e

Upon introducing Cp = -2u/U_ and dz/dx = w/U_, where U_ refers to
the free-stream velocity, and setting M_ = 1, (dZ/dx)b = 0, and expressing

the relations in terms of E? rather than Cp’ equation (96) becomes

[dgzgw)] - -4 @, + Tp) (T = Tp ) (97)
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With [d(Z/-r)/dx]a known from the geometry of the airfoil, and Cpa
assumed to be as indicated by the local linearization theory, this rela-
tion may be solved for Ebb, the reduced pressure coefficient immediately
downstream of the trailing edge, provided -Cpa is sufficientiy large
for the shock wave to be attached to the trailing edge. If —CPa is

att? which depends on [d(Z/T)/dX a’

it is not possible for an oblique shock wave to turn the flow the required

less than a limiting value (-Eba)

angle. The appropriate expression for (—Eb ) ct may be determined by
a a
solving
2
d d(z/ <) - _ 1 = = = - _
= [ e = 16 (Cpb - CPa)(3Cpb + Cpa) =0 (98)
Py a
for C. in terms of C, to obtain C, = -C, /3, and substituting into
“py, ~ Cp, P = ~%p/ g
equation (97) to obtain
2/3
= _ 3 d(z/%)
(Cpa) att - 21/3 [ dx (99)
a

A necessary condition for the shock wave to be attached to the trailing

d f the airfoil is thus that C. < (C .

edge o e air t Cp, < ( pa)att ‘ o

the values listed for Cp and (Cp ) ‘ in Table I that this condition
a

a at
is satisfied for each of the airfoils for which results are shown in

it may be seen from

figure 2.
TABLE I

SIGNIFICANT VALUES FOR C. AND SLOPE AT THE
TRAILING EDGE OF THE AIRFOILS PRESENTED IN FIGURE 1

(x/¢) [i%ﬁ—"l] g, | @) cr | @py) (Tp,)
max a a att a weak strong
.30 -0.86 -4.04 -2.15 ~2.27 -2.73 3.86
.40 -1.18 -3.96 -2.67 -2.82 -2.03 3.57
.50 -2.00 -4.45 -3.78 -~4.00 -1.04 3.42
.60 -2.82 -5.23 -4.75 -5.03 -0.53 0.25
.70 -4.32 -6.61 -6.32 -6.68 0.25 3.91
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The margin by which this condition is exceeded diminishes rapidly as the
maximum thickness moves aft on the airfoil, however, and it seems likely
that the condition for an attached shock wave may not be satisfied for
airfoils of this family if the maximum thickness were much further aft

than the most extreme of the cases considered, namely 0.70 chord.

A further condition required for the surface pressure distribution
to be independent of conditions downstream of the airfoil in the absence
of a boundary layer is that the flow be supersonic downstream of the
trailing shock wave. Now, it is a well-known property of the transonic
shock polar that can be seen from equation (97), or the listings of
Eable I, that Ebb may be either positive or negative, but that
CPa < cpb s _Cpa
compressive shock waves described by real solutions of eguation (97).

if attention is confined to physically significant

Of the two solutions of that equation that satisfy this condition, one is
always positive, indicating subsonic flew, and the other may be positive
or negative, indicating either subsonic or supersonic flow., To further
illustrate this point, the two values for Ebb are indicated by solid
and open half circles for each of the airfoils on figure 2. The limiting
value for Eba for which the flow is exactly sonic immediately Eéwnstream
of a shock wave attached to the trailing edge is Eesignated by Cﬁa and
may be determined from equation (97) by setting PL equal to zero. It
is

2/3

—% 4/3 |d(Z/T
cp = =2 [ ax ] (100)

a

Values for E&f are listed in Table I for each of the airfoils for
a

which results are shown in figure 2.

=4 - —
If gt < Cp < (cpa)att.
ing edge, but the flow immediately downstream of it must be subsonic.

, a shock wave may be attached to the trail-
Under these circumstances, which prevail for the airfoils of figure 2
with maximum thickness at 0.70 chord, effects arising in the wake and
elsewhere downstream of the airfoil inevitably influence conditions at
the trailing edge. This result opens the possibility that these influ-
ences might be sufficient, under certain circumstances, to cause the

trailing shock wave to move forward onto the airfoil, and thereby to
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to produce at least part of the discrepancies apparent in figure 2 between
the theoretical and experimental pressure distributions near the trailing

edge.

If Cp_ < cF < o) , as it is for the remainder of the airfoils

a a a att
considered in figure 2, the shock wave may be attached to the trailing
edge, but the flow immediately downstream of it may be either subsonic
or supersonic according to whether the shock wave is strong or weak. If
the shock wave is of the strong type, the situation would be substantially
the same as just described; and the sources of the differences between the
theoretical and experimental pressure distributions near the trailing edge
might be sought in either inviscid or viscous phenomena. If, on the other
hand, the shock wave is of the weak type, the flow is supersonic immediately
downstream of the shock wave, and no effects of downstream origin can
influence conditions at the airfoil in the absence of viscosity. To the
extent that this prevails, the above results support the general belief
that the differences between theoretical and experimental pressure distri-
butions over the aft portion of airfoils with small or moderate trailing-
edge anglecs must involve viscous processes, in particular, effects of
shock-wave boundary-layer interaction. While the inviscid theory is
capable of providing a good approximation for the pressure distribution
over most of the airfoil, the nature and magnitude of the deficiencies
near the trailing edge indicate that an improved theory, which includes
viscous effects, is required to provide satisfactory predictions of drag

at M = 1.
00

Axisymmetric Flows

Surface pressures.- Experimental surface pressure distributions from

references 35 and 36 together with the theoretical results calculated
using the local linearization method are presented in the lower plots of
figure 4, (a) through (e), for members of the class of bodies described
by equations (77) and (79) having a thickness ratio D/f = 1/12 and
locations of the point of maximum thickness at 30, 40, 50, 60, and 70
percent of the body length. The theoretical results for the bodies with
maximum diameter at 30, 50, and 70 percent of the body length have been
given previously (refs. 7 and 10); those for the bodies with maximum
diameter at 40 and 60 percent of the body length are new and thus complete
the comparisons for the entire series of bodies tested. Also included on
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the plots for the bodies with maximum diameter at 30, 50, and 70 percent
of the body length are a second set of experimental results (ref. 10)
indicated by closed circles. These results were obtained when the same
models used in the original tests in the 14-foot transonic wind tunnel
were tested in the Ames 12-foot pressure wind tunnel with solid walls
under choked conditions to simulate flow with M_ = 1l. That this pro-
vides, under certain restrictions, conditions that bear close resemblance
to an unbounded flow at M _ = 1 has been verified by numerous investi-
gations (refs. 10 and 37). It may be seen that the pressure distributions
calculated using the local linearization method are in essential agreement
with the measurements in both wind tunnels over the forebodies, but that
substantial discrepancies appear among the results for the afterbodies,
particularly for the bodies with maximum thickness forward of the mid-
point. As noted originally (ref. 10), the data from the choked wind
tunnel are generally on the opposite side of the theoretical curve from

the data from the transonic wind tunnel.

With respect to the discrepancies on the afterbodies, many would
dismiss further discussion by attributing the differences to shock-wave
boundary-layer interaction effects not included in the theory. While
there is little doubt that such effects are important, the characteristic
diagram given in figure 5 suggests that the discrepancies are due, at least
in part, to wind-tunnel-wall interference. This diagram shows the charac-
teristic lines for an unbounded flow with M = 1 past a parabolic-arc
body of revolution with D/Z = 1/12. They have been calculated by
applying the transonic similarity rule for axisymmetric flow (ref. 38) to
a related diagram (ref. 39) calculated for a parabolic-arc body of revo-
lution with D/f = 1/6. The position of the wall with respect to a 6-inch
diameter model in the 12-foot pressure wind tunnel is as indicated, and
the nearest part of the wall in the tests in the 1l4-foot transonic wind
tunnel is 7/6 as far away. Although it was thought at the time the tests
in the 1l4-foot transonic wind tunnel were conducted that the 6-inch
diameter of the models was sufficiently small to avoid significant effects
of wind-tunnel-wall interference, this diagram shows that such may not
be the case because Mach waves originating from the forepart of the body
are indicated to be reflected from the walls onto the aft part of the
body. It can be seen, furthermore, that the most upstream reflected Mach
wave strikes the body at about x/f = 0.6 in the 1l2-foot wind tunnel,
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and slightly aft of that location in the 1l4-foot wind tunnel. The effect
of the reflected waves striking the body is to make the pressure coeffi-
cients more negative in the l12-foot wind tunnel, because the outgoing
characteristics represent expansion waves that reflect from the solid wall
of the tunnel as rarefaction waves. The effects are amplified, moreover,
because of the focusing properties of the reflected axisymmetric waves as
they collapse down onto a part of the body that has a smaller circum-
ference than that from which they originated. The sign of the corres-
ponding effects in the l4-foot transonic wind tunnel is not so simple to
ascertain, since the reflections from the partly open wall of that wind
tunnel are very nearly equal in magnitude, but opposite in sign, to that
of the reflections from the solid wall of the 12-foot wind tunnel. 1In
addition to the direct effects of the reflected waves impinging on the
rear of the body, there exists the distinct possibility of significant
augmentation arising from the interaction of the boundary layer with a
shock wave that may form adjacent to the body. The latter may form
either because of coalescence of compression waves reflecting from the
body or because of boundary-layer separation resulting from the wall-
induced steepening of the adverse pressure gradients. In either case, it
is clear that considerable additional study will have to be made before

it is possible to properly evaluate the significance of discrepancies
between theoretical and experimental pressure distributions on the aft
parts of slender bodies of revolution. For these same bodies, the upper
and lower critical Mach numbers have been calculated and are presented in
figure 3 as a function of the location of maximum thickness. In comparison
with the results shown for airfoils having the same profiles and thickness
ratio, the critical Mach numbers for the bodies of revolution exhibit the
same general variation but are substantially closer to one. This is in
keeping with the concept that a body of revolution produces a much smaller
disturbance to the flow than an airfoil of infinite span. Analogous to
the two-dimensional case, moreover, the axisymmetric results indicate

that, because of the large supersonic values of M predicted for

cr,u
those bodies having their maximum thickness location close to the nose,

the theory should be applied with considerable caution to those shapes.

Flow-field pressures.~ In addition to the surface pressure distribu-

tions on these bodies, the pressure distributions at various locations

in the near flow field have been calculated and are given in the upper

43



plots of figure 4, (a) through (e). The flow field data presented in
those plots are from the Ames 14-foot transonic wind tunnel and were
measured along lines parallel to the body axis but removed from it by
distances of 1, 2, and 4 times the maximum diameter D of the becdy.

The theoretical results were calculated by using equation (63) together
with the local linearization results for uB/Uco provided by integrating
equation (25). Except near the rear of the bodies where effects asso-
ciated with the discrepancies discussed above for the surface pressures
are in evidence, the theoretical and experimental results are in satis-
factory agreement for r/D as large as 4 for the 50-, 60-, and 70-percent
bodies, and at least 2 for the 30- and 40-percent bodies. Deterioration
sets in with increasing r/D for any body because of the growing viola-
tion of the small r approximation of the theory, and is greatest for
the 30-percent body because of the greater strain imposed on the slender-
body approximation by the blunter nose of this body. Altogether, the
comparisons indicate a wide region of applicability of the theory, parti-
cularly when considered with respect to possible applications of the
transonic equivalence rule to configurations having wings or related
extremities of such size that they, rather than the body, provide the
major contribution to Cp at lateral distances of the order of those

for which results are shown in figure 4.

For two of those bodies studied above, corresponding comparisons of
surface and flow-field pressure distributions for purely subsonic and
purely supersonic flows are presented in figures 6 and 7. Figure 6
exhibits the results for free-stream Mach number M_ = 0.90 for the
30- and 70-percent bodies. With the exception of the previously discussed
discrepancies near the rear of the bodies, agreement between experiment
and theory is quite satisfactory. The calculated and measured surface
pressure distributions compare quite well for both bodies, while the
agreement for the flow-field pressures for the 30-percent body is

reasonable even out to r/D = 4,

The flow-field comparisons for the 70-percent body are good up to
about x/f = 0.6, at which point the theoretical results become somewhat
more negative than the data. Although we cannot conclusively confirm it,
it seems reasonable to expect that for this body the discrepancy may be
caused by separation of the boundary-layer just beyond the point of

maximum thickness. This would have the effect of making the part of the
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body aft of the separation point appear cylindrical to the outer flow and,
as a consequence, would tend to increase the pressure level in that region.
In figure 7, the analogous theoretical and experimental results for purely
supersonic flow at M= 1.20 are presented for the 70-percent body.
Similar results for the 30-percent body are not given since no experimental
results are available at firiea-stream Mach numbers greater than the upper
critical for this body; the highest test Mach number reported is 1.20,
whereas the upper critical for the 30-percent body having D/f = 1/12 is
1.68. For the 70-percent body, we note that agreement between predicted
and measured surface pressure distribution is good right up to the immediate
vicinity of the sting. This is reasonable since in this case the absence
of upstream influence should minimize the effect of the sting on the flow
ahead of it. The flow-field comparisons indicate that the predicted
pressure is somewhat higher than the measured results on the forebody and
somewhat lower on stations beyond about x/f = 0.6. This effect is
probably caused by not properly accounting for the regions of influence

of the flow field. For example, the location of the shock wave, although
not of primary importance in calculating the surface pressure distribution,
is vital in determining the extent of the region of influence. Beyond

that region, i.e., in front of the shock, no disturbances exist, so that

it is proper to use the equivalence rule to extend surface pressures only
out to the lateral extent of the bow shock. Thus, some of the flow-field
results shown in figure 7, particularly on the forebody, have no doubt
loen extended laterally beyond that point. Conseqguently, to properly
account for flow-field pressure distributions about these bodies, it is
necessary first to determine the shock location and then to use the

cquivalence rule in regions within that domain.

Nonaxisymmetric Flows

Nonlifting bodies — surface and flow-field pressures.- As the first

application of the transonic equivalence rule to nonaxisymmetric flows,
we consider a family of bodies with elliptic cross sections tested in the
Ames 1l4-foot transonic wind tunnel. Figure 8 presents the surface pres-
sure distributions measured along the extremities of the major and minor
axes (6 = 0° and 900) at M_ =1 for three bodies having values of 1.5,
2.0, and 3.0 for the ratio A = a/b of major to minor axes of the ellip-

tic cross scction, and having the same longitudinal distribution of cross
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section area S = 7ab as the parabolic-~arc body of revolution with

D/f = 1/12 for which results are shown in figure 4(c). Also included in
figure 8 are the corresponding pressure distributions calculated by using
the equivalence rule via equation (50) together with the result provided

by the local linearization method from equation (22) for uB/U00 on the
equivalent parabolic-arc body. As in the previous comparisons, the theo-
retical and experimental results are in good agreement except near the

rear of the bodies, where at least part of the discrepancies must be attri-
buted to the extraneous effects of the wind-tunnel walls. Perhaps the most
striking feature of the results shown on figure 8 is the smallness of the

effects of the ellipticity of the cross section.

The corresponding results for the flow field are shown in figure 9
for the body having A = 3. As may be anticipated from the results of
figure 8 for the surface pressures, the value for Cp at a given x are
virtually independent of the azimuthal angle 6, and are, furthermore, very
nearly identical to those shown in figure 4(c) at the same r/D for the
equivalent parabolic-arc body of revolution. For these reasons, the flow
field results for the other two bodies of this series having smaller A

have been omitted.

Analogous comparisons of theoretical and measured surface and flow-
field distributions for purely subsonic and purely supersonic flow are
presented in figures 10 and 11 for the body having A = 3., Figure 10
exhibits the pressure distributions at M_ = 0.90 along the extremities
of the major and minor axes (9 = Oo, 900) both on the surface and at
points at the same angular position but located at lateral distances of
r/D =1, 2, and 3 in the flow field; figure 11 presents similar results
for M_ = 1.20 at one angular location (6 = Oo) and one flow-field posi-
tion (r/D = 2) as only these data are available for comparison. As with
the case of M_ = 1.00 flow about this body, the agreement between theory
and experiment is quite good for both surface and flow-field pressure
distributions. We note again the small effect of the ellipticity of the
cross section; at a lateral distance of r/D = 2, figure 10 shows that at
M_ = 0.90 the flow field is, for all practical purposes, axisymmetric.
Although data are available at only one angular position for the flow at
M_ = 1.20, theoretical results indicate that this weak effect of the

ellipticity also persists into the purely supersonic flow regime. In

this case, it is interesting to observe with regard to the comparison of
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the flow-field results at r/D = 2 that at points near the nose, the data
are tending toward zero while the theory, of course, displays effects
associated with the logarithmic singularity at the nose. As with the
results for purely supersonic flow over the body having maximum thickness
at 70 percent of its length given in figure 7, this serves to demonstrate
again that in regions near the nose, the theoretical results have
undoubtedly been overextended into the flow field beyond the bow shock.

Lifting bodies - surface pressures.- As the first application to a

lifting body, we have considered flow with M_ = 1 past the parabolic-
arc body of revolution with D/f = 1/12 for which the results for zero
angle of attack are shown in figure 4(c). Experimental results for this
body obtained in the Ames l14-foot transonic wind tunnel (ref. 19) at
angles of attack o = 2, 4, and 6° are shown in figure 12 for five lines
along the surface of the body, namely 6 = Oo, iAOO, and i900. Also
included on those plots are pressure distributions calculated by using
the results of the transonic equivalence rule given by equation (55)

with A = 1 together with uB/Uoo calculated from equation (25). It is
evident that agreement is good along most of the length of the body, while
significant discrepancies occur near the rear, much as in the case of the
nonlifting bodies. The similarity of the comparisons, particularly at
the smaller angles of attack, to those for o = 0° shown in figure 4(c)
lend support to the idea that wind-tunnel-wall interference effects are

significantly affecting the results along the rear of the body.

Similar comparisons of theoretical and experimental results for
lifting bodies of elliptic cross section in flow with M_ = 1 are shown
in figures 13, 14, and 15 for bodies having values 1.5, 2.0, and 3.0 for
the ratio A = a/b of major to minor axes. All three bodies have the
same longitudinal distribution of cross section area as the parabolic-arc
body of D/f = 1/12 for which results are shown in figures 4(c) and 12.
The experimental results are from reference 19 and were obtained in tests
in the Ames l4-foot transonic wind tunnel, and are thus directly comparable
to those presented in figures 4(c¢) and 12 for the equivalent parabolic-arc

body of revolution tested in that wind tunnel.

The comparisons show that the trends already described for the body
of revolution are repeated; good agreement occurs along most of the length
of each body, and notable deterioration sets in along the rear part. The
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variation with 6 of the differences between the theoretical and experi-
mental pressures that becomes increasingly evident as a is increased to
6°
are present along the aft portion of these bodies. Although we cannot

suggests that additional effects having a nonaxisymmetric character

conclusively confirm it, we are inclined to conjecture that the experi-
mental results are beginning to be influenced by vortex separation caused
by the crossflow velocity component, as is familiar at both subsonic and
supersonic speeds. Support to this suggestion is lent by examination of
the pressure distribution results for the 6 = 0° station on these bodies
as both the angle of attack and the ellipticity are increased. Agreement
between theory and experiment for that station for the body of revolution
(fig. 12) remains satisfactory up to 70 percent of the body length at the
o’ 40), while at o = 6°

to depart from the theory at approximately 65 percent of the body length.

smaller angles of attack (a = 2 the data begin
This effect becomes more pronounced as the ratio A of major to minor

axes increases, so that for the most elliptic body (A = 3), the point at
which disagreement occurs has moved up to approximately 45 percent of

body length. On the other hand, agreement at the other angular stations
(6 = i40°, 1900) remains quite good for all four of these bodies even at
a = 6°. Now if, as the angle of attack is increased, the crossflow is

unable to negotiate the curve at the lateral extremities of these bodies
(6 = 0°
then experimental pressure distributions for separated flows about bluff

, 1800) and separation subsequently occurs somewhere in that vicinity,

objects such as circular cylinders and spheres (ref. 40) indicate a larger
pressure would exist at that location than indicated by theory. Since the
data display this tendency and, as is characteristic of vortex separation
phenomena, because this effect becomes more pronounced as the angle of
attack increases, we suspect that a limited region of vortex separation
exists on the lee parts of these bodies beginning at approximately the

6 = 0° meridian but not extending to the 40° station.

Analogous comparisons of theoretical and measured surface pressure
distributions for purely subsonic and purely supersonic flow are given in
figure 16 and 17 for the body having A = 3. Figure 16 displays results
at M_ = 0.90 and figure 17 at M_ = 1.20. The trends that were observed
for the M_= 1 cases are also present for the purely subsonic and
supersonic flows. For the 6 = iAOO, 190O stations, agreement is good for

all three angles of attack over the majority of the body length with
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significant discrepancies occurring only near the tail; for the @8 = 0°

station, the point at which theory and data clearly depart moves from
approximately 75 to 45 percent of the body length as the angle of attack
is increased to 6°.

Pressure distributions on slender wing-body combinations.- In order

to demonstrate how the present results can be extended to predict tran-
sonic flows about more complex configurations, we have considered two
particular wing-body combinations. It is instructive, however, first to
recall the example of the thin cone-cylinder, or equivalently, a cone

of finite length, considered theoretically in reference 6, experimentally
in reference 41, and summarized in reference 9. In general, the ordinates

of the upper surface of the cone are given by

3{ 22 _ 2
tVmex 7 (101)

where m is the tangent of the semiapex angle of the planform, f is

the length of the cone, and t is the maximum thickness of the cone.

The elliptic section in the plane x = x, thus has major and minor
semiaxes a = mx; and b = tx,/2f, and cross section area

S(x,) = mab = rtmxf/Z{. Although the theory was developed generally, the
pressure distribution has been measured for only one example, namely that
defined by m = 1/2 and t/f = 0.06. If we consider the cone to be a
triangular wing, such values correspond to an aspect ratio of 2 and a
thickness ratio of 0.06. The equivalent body of revolution is a slender
cone with semiapex angle w = (mt/2[)1/2, which in this instance is equal
to 0.1225 radians or 70. Equations (36) and (51) could be used for ¢2,t
and ¢2,a’ but it is much simpler for the calculation of the surface pres-
sure distribution to adopt the usual practice of thin wing theory and
evaluate these quantities on the wing surface approximated to be at z = 0
and for -mx < y £ mx. With the additional neglect of b2 compared with
az, ¢2,t and ¢2,a may be approximated by

U tmx
¢2,t s T2
(102)
by = + U _a(m®x® - y2)l/2

Fyes
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where the upper sign is to be used on the upper surface and the lower sign
on the lower surface of the wing. With the introduction of the further
approximation customary in wing theory that the pressure coefficient is

given by

c) = - gff (103)

it was shown in reference 6 that

mt mﬂ) _ 2amZx (104)

(c)y = () =511+ 1n =

Py Py 24 2t (m2x2 - yz)l/z
where the convention concerning upper and lower signs still holds, and
(Cp) represents the pressure distribution on the surface of the equi-
valent body, a circular cone-cylinder, at zero angle of attack. If the
method of local linearization is used to determine the latter, we have

that (refs. 7 and 9)

16 X X
e, = e { [ 2[5 - 3)])
Pp £ {(fy+l)wec £ £
1-32%
+ %? xﬁ - 0 (105a)
v -3

for 0 < x/4 < 1/3, and

() = -2 1n ‘% + a2 1In { @@ + ————==2 Y _ 2 (105b)
B

for 1/3  x/4 < 1.

Figure 18 shows sketches of the wing of m = 1/2, 7 = 0.06, the equi-
valent body of revolution, the pressure distributions on each at zero angle
of attack, and the aerodynamic loading or difference in pressure

Ap/4a, = (Cp)W,l - (Cp)W,u on the two sides of the wing, where subscripts

£/ and u denote the lower and upper sides of the wing. For these parameters

(Cp)W - (Cp)B = ~0.0364 (106)
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for zero angle of attack, and

4am3x _ 2q
(m2x2 - y2)1/2 (1 - y2/52)1/2

(107)

£l

where s = mx is the semispan at a distance x from the apex. These
results, shown in the plots of figure 18, are seen to be in satisfactory
agreement with the experimental results of reference 41. Moreover, they
serve to illustrate that the aerodynamic loading, and therefore the 1lift
and other lateral forces and moments, on low-aspect-ratio wings and slender
bodies depend entirely on ¢2,a; that these gquantities are independent of
free-stream Mach number; and that they are the same as indicated by

linearized slender-body theory for subsonic or supersonic flow.

Although the two plots of figure 18 show that the differences in
pressure between related points on the wing and equivalent body of revo-
lution are predicted satisfactorily by the transonic equivalence rule, a
similar comparison of the absolute values for the pressures would not
display quite such good agreement because of the occurrence of unexpectedly
large interference effects of the walls. To emphasize this point,
figure 19 from reference 9 has been included to show the pressure distri-
bution measured in the Ames 2-foot transonic wind tunnel on the circular
cone-cylinder of figure 19, together with the corresponding results
measured on the same model, of length 5.50 inches, in the Ames l4-foot
transonic wind tunnel, and the theoretical results indicated by equa-
tion (105). The contention that the differences between the experimental
results and the theory are due primarily to wind-tunnel-wall interference
is supported not only by the fact that the differences are less for the
tests in the larger wind tunnel, but also by a theoretical analysis carried
out by the experimenter (ref. 42). Since these various results suggest
that the differences in pressure are more reliable than the actual level
of the pressures measured in the 2-foot transonic wind tunnel, we conclude
that the evaluation of the transonic equivalence rule in figure 18 in

terms of pressure differences is not only justified, but appropriate.

From the preceding analysis and applications, it is but a short step
to the simple wing-body combinations of figures 20 and 21. In both examples,
a flat plate triangular wing of zero thickness is combined with a slender
body of revolution. 1In figure 20, the body is a slender cone with its

apex at the nose of the wing; in figure 21, it is a truncated parabolic-arc
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body of revolution attached to the wing in such a way that the wing root
extends from 25 to 75 percent of the complete body length. In order to
relate the results most directly to those discussed previously herein,

the aspect ratio of the wing is taken to be 2, the semiapex angle of the
conical body to be 70, and the diameter-length ratio D/f of the complete
parabolic~arc body to be 1/12. At zero angle of attack, the wing does

not affect the flow, and the pressure distribution is the same as on the
surface, or at the corresponding point in the flow field, of the isolated
body as illustrated in the left parts of these figures. The pressure
distribution at zero angle on the body of the conical wing-body combina-
tion is thus given by equation (105), and that on the wing at a distance

r from the axis and x from the apex, as measured along the axis, is
given by equation (66) with S(x) = 7R2 = 7w®x? and uB/Uoo = - %-BCP)B + wz].
No comparable analytic expressions can be cited for the pressure distribu-
tion on the second wing-body combination_ at zero angle of attack, illus-
trated in the left part of figure 21, but the results are the same as
indicated in figure 4(c) for the corresponding points on the body surface

and in the surrounding flow.

The aerodynamic loadings shown in the right parts of figures 20 and

21 have been computed using equation (21) for Cp, equation (35) for ¢,

equation (44) for ¢2 £ and the following expression from references 31
3

and 42 for ¢2 a:
b

U _a < af) ( a? ]

= 4+ — ~{1+ —)r2 cos 26 + s2 |1 + —

¢2,a - -\/_2. r4 S4
2

2
af af
+r4<1-—— + 4a* cos2 20 + st |1 + —
r4 1 st
ot ot 1/2N1/2
2s2 <1 + —l><l + ——l—> r2 cos 29] - U az (108)
r4 S4 ©

in which the sign is positive for the upper half-plane 0 < 6 { m and

negative for the lower half-plane 7 { 6 < 2w, and where a, = al(x) and
s = s(x) represent the local radius of the body and the semispan of the

wing. For the specific examples described above
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a, = ox = 0,1225 x, s = mx = x/2 (109)

for the conical wing-body combination; and

- 2B -3

= 4(x_1,3D\_L(x _ 3
s=2 (z 2% ag)% 2 <} 16>

for the wing-body combination with the parabolic-arc body. Upon carrying

(110)

out the indicated operations, the following expressions are found for the
aerodynamic loading
2

L e{[2EDEREEH6-D))

(111
d, 4 1/2 a)
a 2 a
[1 +—=-L (1 4+ =
54 52 4

H N

o

W

on the wing, and

S

at a da a® >
4o |98 (1 -2 ) v 22 2 (X241 -2X
g4 dx 2

= — v (111b)
af 2 v
1 + — - 4 Y
s2 S

on the body. Although we are unaware of any experimental data with which
these or related results may be compared, the generally good agreement
displayed in the preceding comparisons of pressure distributions on the
bodies and wings separately suggest that correspondingly good agreement

is to be anticipated for the wing-body combinations.
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CONCLUDING REMARKS

Analysis and associated development of computational programs have
been conducted in order to develop calculative technigques for predicting
properties of transonic flows about certain classes of airfoils and
slender bodies. The theoretical analysis, which is based on the local
linearization method in the case of two-dimensional flow, combines that
method with the transonic equivalence rule for studying the primary case

of interest, i.e., three-dimensional transonic flows.

For the two-dimensional case, programs have been developed for

nonlifting flows about symmetric airfoils with ordinates described by

Z ~ (x - xn) or (1 - x - (1 - x)n) for the

® Calculation of surface pressure distributions for M_ = 1,

M, < Mcr,f’ and Mc u < M,

e Calculation of Mcr,ﬁ and Mcr,u

r,

Results of calculations from these programs demonstrate the remarkably
wide extent of the transonic range for these airfoils, and comparisons of
theoretical and experimental results at M_= 1 serve to complete compari-
sons for an entire series of airfoils investigated experimentally and to
reaffirm conclusions regarding the notable accuracy of the local lineari-
zation method. The differences in the comparisons that are apparent near
the trailing edge were examined to determine whether they might be attri-
butable to a purely inviscid effect as would be the case if the local Mach
number immediately upstream of the trailing edge were not high enough for
an obligue shock to turn the flow through the required angle so that
detachment and movement of the shock onto the airfoil surface would occur.
For all the airfoils tested, the local Mach number was sufficient indi-
cating that differences between theoretical and experimental pressure
distributions over the aft portion of airfoils with small or moderate
trailing-edge angles must involve viscous processes.

For three~dimensional axisymmetric transonic flows about bodies of
revolution with radial coordinates described by R ~ (x = xn) or

(L - x - (1 - x)n), programs have been developed for

e Calculation of surface and flow-field pressure distributions for

My = 1, M < M and M, . < M,

r,f?
e Calculation of Mc

r,

r, 4 and MC

r,u
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and for three-dimensional nonaxisymmetric transonic flows about parabolic-

arc bodies having elliptical cross sections, for

e Calculation of surface and flow~-field pressure distributions for

M, =1, M < Mcr,z’ and Mcr,u < M, for nonlifting flows
e Calculation of surface pressure distributions for M_ = 1,
M_ < Mcr,ﬁ’ and Mcr,u < M, for lifting flows

Altogether, comparisons of results predicted by the above programs
and data obtained from wind-tunnel tests demonstrate good general agree-
ment, indicating that the local linearization method is capable of pro-
viding accurate solutions for flow properties on the surface of a large
class of axisymmetric shapes, that the transonic equivalence rule is
able to account satisfactorily for moderate nonaxisymmetric effects caused
by body shape and lift, and also that it can successfully extend results
for flow properties calculated on the body surface out to moderate dis-

tances in the flow field.

For the axisymmetric bodies studied, the predicted surface and flow-
field pressure distributions are in essential agreement over the fore-
bodies of all the bodies tested both with measurements taken in the Ames
l4-foot transonic wind tunnel and the Ames 1l2-foot solid-wall wind tunnel
operating under choked conditions. Near the rear of these bodies, however,
all three sets of results diverge widely, with the data from the choked
tunnel generally falling on the opposite side of the theoretical curve than
the data from the transonic wind tunnel. These facts, combined with the
characteristic diagrams for these bodies, indicate that in addition to the
expected shock~wave boundary-layer interaction effects occurring on the
aft sections of these bodies, measurements taken on the bodies considered
herein in those wind tunnels are subject to substantial wall interference
effects. Results for the extent of the transonic regime for these bodies
indicate a much smaller range than the corresponding results for the two-
dimensional cases, emphasizing the fact that an infinite wing creates a
much larger flow disturbance than a body of revolution of the same thick~
ness ratio. Moreover, the flow-field comparisons indicate that, because
of the strain imposed on the slender-body approximation by the blunter
forebody of the bodies having their point of maximum thickness close to
the nose, applications of the theory as it is presently constituted should

be made with caution to those particular shapes.

55



Results for the nonlifting surface and flow-field pressure distribu-
tions on the parabolic-arc bodies with elliptic cross section indicate the
remarkably small effect of the ellipticity of the cross section and the
rapid tendency of the flow field to become axisymmetric. The lifting
surface pressure distributions for those same bodies at angles of attack
up to 6° suggest that, in addition to the effects discussed previously
with regard to discrepancies near the rear of the bodies, these experi-
mental results are also being influenced by vortex separation over part

of the lee surface due to the crossflow velocity component.

To demonstrate how the present results can readily be extended to
more complex configurations, surface pressure distributions and loadings
have been calculated for a conical wing-body combination having a flat-
plate triangular wing and a more general configuration consisting of a

truncated parabolic-~arc body and a flat-plate triangular wing.

In conclusion, we emphasize that the procedures by which these results
have been obtained are not restricted to the particular examples selected
for display in this report, but possess much greater generality. Moreover,
the qguality of the agreement with experimental results is sufficiently
good, particularly when consideration is given to the numerous shortcomings
inherent in transonic wind-tunnel testing, that it is possible to go forward
to more complicated configurations with confidence that the analysis is not
only capable of being carried out, but that the results will be of suffi-
cient accuracy to be useful to aerodynamicists. We suggest, furthermore,
that parallel experimental work be conducted to determine surface and-
flow-field pressure distributions on selected wing-body combinations so
that the extent to which the theory can be applied to configurations of

this nature can be more clearly defined.

Nielsen Engineering & Research, Inc.
Mountain View, California
July 22, 1970
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LISTING OF TWO-DIMENSIONAL COMPUTER PROGRAMS

PRNOGRAM FOR DETEQMINING THE SUBSONIC PRESSURE DiSTRIBUTION FOR
FREE STREAM MACH NUMBERS LE>S THAN THE LOWER CRITICAL ON
NONLIFTING SYMMETRIC AIRFOILS HAVING ORDINATES Z PROPORTIONAL TO
X~X##N OR 1=-X={1-X)##N BY USING THE METHOD OF LOCAL LINEARIZATION
- FOR REFERENCE SEE SPREITERs JeRy AND ALKSNEs 4. Y,» NADA TR 1359

.

* SRS RRABERRG YR E R G R E BB R H R AR A AR PR RN DR B A G RN Ny
THE INPUT DATA FOR THIS PROGRAM ARE ALL REAL CONSTANTS AND ARE IN-
PUTTED ON ONE CARD AS FOLLOWS
COLUMNS 1 TO 10~-~LOCATION AS FRACTION OF CHORD (X/C) OF POSITION
NF MAXTMUM THICRNESS OF AIRFOIL
COLUMNS 11 TO 20~-FINENESS RATIC OF AIRFOIL
COLUMNS 21 TO 30~-RATIO OF SPECIFIC HEATS OF RAS
COLUMNS 31 TO 40=~FRFE STRFAM MACH NUYBES
COLUMNS 41 TO 50=-INTERVAL $I2E A5 FRACTION OF CAQRD FOR PRESSURE
NISTRIBUTION PRINT=-0UT
AR AR R AR R RN R R AR R R R R A AR R AR R PR AR AR AR AR TR R B AR AR R R F R A SRS RN SRR R AR

NnNANANNANAANAANNANAADN

REAL MsMSQeNsN1sNEXP s NUMsNEWN
COMMON XMT,N
DIMENSINON XMTKS(19) »NEXPL19)
XMTKS511)=,05
NO 100 1=2+19

100 XMTKS{1)1=XMTKS{I=]1}+405
NEXP(1)=2884731
NEXP(2)=344649
NEXP(3}=19.,173
NEXP{4)=12.215
NEXP15)=84396

NEXP{61x64044
NEXP(T7)=ke082
NEXP(8)=3,4389

NEXP(9)=22.595
NEXP{10)=x2,000
DO 101 1a1,9
Jul0-1

101 REXP(1+10)=NEXPLY)

1 READ (512) XMTsFsGAMMAIMIDX
2 FORMAT (5E10.4)
WRITE t165200)

200 FORMAT (1H1#39X64HCALCULATION OF SURFACE PRESSURE DISTRIBUTION FOR
1 PURELY SUBSONIC / 40X59HFLOW OVER A NONLIFTING SYMMETRIC AIRFOIL
2HAVING ORDINATES Z / 40XB1HPROPORTIONAL TO X=X#*#N QR ]1=-X={l-X)*##N
3BY USING THE METHOD OF LOCAL LINEARIZATION ///}

201 FORMAT [1H +5Xs1HX»12XsSHCPBAR 14Xs2HCP/ /)

TF {XMTaGEs14aDRsXMT4LELOs) GO TO 323

1F (FeLTe04) GO TO 204

IF (GAMMA,LTaleeORsGAMYA,GTL14667) GO TO 305

IF [MeGTolaaORIMeLELOs) GO TO 306

IF {DXaL 420R4DX4GTale} GO TO 307

00 3 I=1,19

J=l-1

TF (XMTRS{1)=XMT) 354451

CONTINUE

N=NEXPI(1)

GO TO 50

IF [14EQel) GO TO &

N=NFXP{J)+{NFXP{T)~NEXPIJ))/ TXMTRS I )=XMTCSI ) )R IXMT~XMTKS T S

CONTINUE

A=XuT

TF {XMToLTea5) A=le=XMT

NI1T=0

5 N1=N-1.

NIT=NIT+1

IF (NIT.GT.20) GO TO &
AN1=A®®N]

NUM=1,~N#AN]
NDENOM==AN1%{N#ALOG(A)+1.)
NEWN=N~{NUM/DENOM}
ERR=ARSIN/NEWN~14)

W

5

5

o

N=NF WY
If (FRR4GTaleE=4) GO TO 5
GO TO 8
6 WRITE (547}
7 FORMAT (5X20HEXECUTION TERMINATED/5XBTHTHE VALUE OF THE EXPQNENT N
1 CANNOT BE DETERINED TO WITHIN .01 PERCENT IN 20 ITERATIONS)
G0
WRITE {64601
ARITE (64602) XMT
WRITE (6+6C3) F
WRITF (69694 N.
WRITE (646051 GAMMA
WRITF (6+606) M
WRITF (43201}
Az (N®®IN/IN=14)11/{(N=141%3,]415927}
MSQ=mE Yy
FAC=M50% (GAMMA+ ] ) /F
SIMFAC=(1e/(FRF4MSQ® (GAMMA+] ) ) ) %% {1a/30)
X[=(MS5Q=1e )/ (FACR®(24/304))
X132=(=X1)##145
X=DX
A1=FCTIX)
IF (ARS{A1+100a)eLEelsE-53 GO TO 1
CPl=-A%A1
EAC]=X[22+475%CP]
1£ (FAC14LEsOe) GO TO 10
FAC1=FACI**(Z4/3a)
CPBAR=2+.#{XI+FAC1}
CP=STMFAC*CPBAR
WRITE (63301) X»CPBARCP
301 FORMAT (1H »E10.452(5X21PE12+5)1
X=X+DX
IF{i1e=X)eGToa01) GO TO &
GO T0 1
0
q;g :géliT(?i?ba)PROGRAM HAS TERMINATED BECAUSE SPECIFIED FREE STREAM
1¥ACH NUMBER M 15 GREATER THAN THE LOWER CRITICAL MACH NUMBER)
GO TO 1
2 WRITE (624000
Zgo ::;uir ?1H0-h2HxMT MUST BE GREATER THAN 0 AND LESS THAN 1)
60 TO 1
WRITE (694011
Zg: Fg;MAT {1HO+42HF INENESS RAT10 F MUST BE GREATER THAN ZERO)
GO TO 1 02
(6126021
Zg: ?2;Li1 ?;65H RATIO OF SPECIFIC HEATS MUST BE GREATER THAN 1 AND LE
155 THAN 573 )
60 70 1 o
WRITE (61403}
Zgi FARMAT (113H FREE STREAM MACH NUMBER MUST BE GREATER THAN O AND LE
155 THAN THE LOWER CRITICAL MACH NUMBER WHICH 1S LESS THAN 1 )
Go To 1
404
231 :;;;iT(?;agH'INIERVAL SIZE FOR PRESSURE DISTRIBUTION PRINTOUT WUST
1RF GREATER THAN O AND LESS THAN 1 )
T
501 ggRMzil(\H JSX3BHAIRFOIL AND FLOW FIELD CHARACTERISTICS //)
602 FORMAT (1H »32HAIRFOIL MAX. THICKNESS AT X/C = 33XsE12+51)
607 FORMAT (1H »19HFINENESS RATIO F = 116X9E1245)
4na FNARMAT (1H »35HEXPONENT N FOR AIRFOIL ORDINATES = 3E1245)
605 FORMAT (1H s26HRATIO OF SPECIFIC HEATS = » 9X>E1245)
606 FORMAT (1M +2BHFREE STREAM MACH NUMBER M = »7XsE1245//)
FAD

®

o
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FUNCTION FCTIX)

REAL N

EXTERNAL FUN

COMMON  XMT sl

COMMON /BLKL1/ 2421

2=X

1F (XMTsGEss5) GO TO 1
Z1={le~X)¥%(N=14a)

GO 7O 2

21=x2%(N=1,)

XL=04

XU=1a

NIT=10

TOL=1eE=4

CALL SIMP (XLsXUsNITsNIT1sTOLSFUNJANS)
IF {N1T1.EQe0) GO TO 5

IF (XMT4GEe«e5) GO TO 3
DERIV=~1e+N# ({1a=X]} *#2(N=141})

GO TO &

DERIVElo~N#(X#*{N=1a])
FCT=N®ANS-DERIV¥ALOG( {1a=X)/X}

RETURN

WRITE 16963 X

FORMAT (/5X2BHEXECUTION TERMINATED AT X = »E1245/5X112HTHE [NCOMPR
1ESSIRLE PRESSURE INTEGRAL COULD NOT BE DETERMINED TO (Ol PERCENT I
2N 10 ITERATIONS USING SIMPSONS RULE}
FCT==100,

RETURN

END

N

)

LX)

FUNCTION FUNIY)

REAL NoNUM

COMMON XMT N

COMMON /BLK1/ ZyZ1

1F (ABS{Z-Y)sLEslsE-5) GO TO 3
1F (XMT4GEse5) GO TO 2
NUM=Z2={le=Y)#%{N-1,)

1 FUN=NUM/(Y-2)
RETURN

2 NUMsY##(N=]4}=21
Go 10 1

3 IF (XMT.GE.s5) GO TO 4
FUN2 (N=14)8({{1e=Y) %% (N=2,1})
RETURN

& FUN2(N-T+}%(VH&E(N=-2,)}
RETURN

END

~

w

SUBRNUTINE STMPIXLsXUsNITsNIT1+TOL sFUNSANS)
NIT1=10

H=(XU-XL}/2,

SUMI=FUNIXL }+FUN{XU)
SUMP=FUN ( XL +H)

ANS=H® (SUM1+44%¥SUM21/ 3,

N=2

DO 3 =187

ANS1=ANS

N=N#*2

H=H/24

SUM3=0,

NLIM=N=-1

DO 1 K=1»NLIMs2

AK =K

SUM3I=SUMI+FUNTXL+H*AK |

ANS=H* {SUM]1 424 #SUM2 +4 «#SUM3 ) /30
IF{ABS{ANS)4LEsa1¢E~3) GO TO 2
ERR=ABS(ANS1/ANS=1,)

IF [ERR<LEsTOL) RETURN

GO TO 3

ERR=AB5 (ANS~-ANS1)

IF (ERR4LTe1+E=-5) RETURN
SUM2=5UM2+5UM3

NIT1=0

RETURN

END
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PROGRAM FOR DETERMINING THF SUPERSONIC PRESSURE D1STRIBUTION FOR
FREF STRFAM MACH NUMBERS a30VE THE UPPER CRITICAL FOR

NONLIFTING SYMMETRIC AIRFQILS HAVING ORDINATES Z PROPORTIINAL 7O
X=X##N OR 1-X={]=X}#*#N BY USI{NG THE METHCD OF LOCAL LINCARIJZATION
- FOR REFERENCTZ SEE SPREITERs JaRe AND ALKONEs Ae res NASA TK 1359

FR R AR R B EP AR R AR AR R BB R AR DR ARSI AR R BB R P R R AR BB R P S F R RN RO F s R P AR FR AN O ARS
THE INPUT DATA FOR THIS PROGRAM ARE ALL REAL COWaTANTS AND ARE [iv=
PUTTED ON ONE CARD AS FOLLOWS
COLUMNS 1 TO 10--LOCATION AS FRACTIOM OF CHORD (X/C) OF POSITION
OF MAXIMUM THICKNESS OF AIRFOIL
COLUMNS 11 TO 20=-FINEMESS RATIO NF AIRFAIL
COLUMNS 21 TO 30--RATIO OF SPECIFIC HEATS OF 5as
COLUMNS 31 TO 40=-FREE STREAM %ACH NUMBER
COLUMNS 41 TO 50--INTERVAL STZE AS FRACTION OF CrORO FOR PRISSURE
DISTRIBUTION PRINT-0QUT

AR AR R AR R R AR R E R R RS R R R R AR PR R RN F AN AR IR PR R IR TSR E AR R R A E PRI R RN RSy

ANNANNNANAANNANANAANNN

REAL MsMSQsNsN1sNEXP s NUMSNEWN

DIMENSION XMTKS(191sMEXP(19)

XMTKS({11=,08

nO 100 1=x2+19

XMTKS{])aXMTKS{1=1)+,05

NEXP(1)=884731

NEXP(2)=34.649

NEXP(3)=194173

NEXPl&4)=12.215

NEXP(5)=84396

NEXP{6}=64044

NEXP{7)=4.482

NEXP(8)=3.389

NEXP{9)=2.5%95

NFXP(110)22.000

DO 101 1=11+9

J=10-1

101 NEXPI{410)=NEXP{J)

READ (592) XMT4F,GAMMA sMsDX

FORMAT (SE10.4)

WRITE (62200}

200 FORMATI1H1+39X55HCALCULATION OF SURFACE PRESSURE DI!3TRIBUFION FOR
1PURELY /40X5BHSUPERSONIC FLOW OVER A NONLIFTING SYMMETRIC AIRFOIL
ZHAVING /40X59HORDINATES Z PROPORTIONAL TO X~X#®N OR l=-X-(]-X)**N B
1Y USING /40X32HTHE METHOD OF LOCAL LINEARZATION 7/7)

201 FORMAT (1H #5Xs1HX»12X»5HCPBARY 14X 2HCP/ /)

1F (XMT4GEsleaOReXMT4LE.Os) GO TO 303

IF (FeLTeOu) GO TO 304

IF {GAMMA,LT,1440RaGAMMALGT 146671 GO TO 305

1F (MeLTale} GO TO 306

IF 1DX4LE«Qs+sOR«DXeGTalel GO TQ 307

DO 3 I=1,19

J=1-1

IF (XMTKSUI)=XMT) 344951

CONT INUE

N=NEXP( 1}

GO TO 50

IF (1.€Qs1) GO TO &

NaNFXPUJ)+INEXPIT)=NEXPIJ) )/ EXMTKST] ) =XMTK O gy ) o (XuT=XuTRS{ )

50 CONTINUE

As=XMT

IF (XMT4LTee5) A=1,-XMT

N1T=0

N1=N=1.

NIT=NIT+1

IF {N1T.GT.20) GO T0 6

AN]I=A%##N]

NUM=1,-N#AN]

DFNOM==AN1* (N*ALOG(A}+],)

NEWN=N=1NUM/DENOM}

ERR=ABS{N/NEWN-1.)

N=NEWN

10

o

N

oW

5

w

IF (ERR4GTaleE~4) GO TO 5
GO Tn 8
& WPITF (§27)
7 FORMAT (5X20HEXECUTICN TERMINATED/5XB87HTHE VALUE OF THE EXPONENT N
1 CANNOT BE DETERMINED TO WITHIN 401 PERCENT IN 20 ITERATIONS)
GO TO 1
B WRITE (64601
WRITE 1646021 xMT
WRITE [61603) F
WRITE (6,604} N
WRITE (6+605) GavMa
WRITE (626061 M
WRITE (64201)
AzIN#BIN/IN=10}))/(24®N=14)}
MSH=MEM
FAC=MSQ® [GAMMA+L4)/F
SIMFAC=(1e/{F#F4MSO* (GAMMA+14)) ) *# 114/ 30)
X[ =IMS0=1e)/ (FACRY1247/34)}
X132=x1%%1,5
Xu0.
9 IF (XMT,GTsa5} GO TO 10
S=(1a=X)#¥(N=10)
SLOPF=A*(N#5-1.)
GO TO 11
10 S=x®*(N-1a)
SLOPE=A®{14-N#5)
FAC1=X132-145%5L0OPE
IF (FACleLE4Os) GO TO 12
FACI=tFAC]}*¥(24/34)
CPBAR=2.#(X1=FACI}
CP=SIMFAC*CPRAR
WRITE (6+301) XsCPBARICP
301 FORMAT [1H +E104432(5XsE1245))
X=X4DX
IF (XeLTale) GO 10 9
GO Tn 1
17 WOITF 1§+302)
407 FORMAT(/]111H PROGRAM HAS TERMINATED BECAUSE SPECIFIED FREE STREAM
IMACH NUMBER M 1S LESS THAN THE UPPER CRITICAL MACH NUMBER )
Go To 1
303 WRITE (64400}
400 FORMAT (/431 XwT MUST BE GREATER THAN O AND LESS THAN 1 |
GO TO 1
304 WRITE (6+401)
401 FORMAT (/43H FINENESS RATIO F MUST BE GREATER THAN ZERO )
60 TO 1
105 WRITF 1(64402)
402 FORMAT (/65K RATIO OF SPECIFIC HEATS MUST BE GREATER THAN 1 AND LE
155 THAN 5/3 )
G0 TO 1
306 WRITE (694031
403 FORMAT(/]00H FREE STREAM MACH NUMBER MUST BE GREATER THAN THE UPPE
1R CRITICAL MACH NUMBER WHICH 15 GREATER THAN 1 )
G0 To 1
107 WRITE (6+406)
404 FORMAT (/B9H INTERVAL SIZE FOR PRESSURE DISTRIBUTION PRINT-OUT MUS
1T BE GREATER THAN O AND LESS THAN 1 )
GO TO 1
601 FORMAT (6X  3IAHAIRFOIL AND FLOW FIELD CHARACTERISTICS //)
607 FARWAT {1H »32HATRFOIL MaXe THICKNESS AT X/C = »3XsE1245)
603 FORMAT {1H s19HFINENESS RATIO F = »+16XsE1245)
604 FNRMAT (]H +35MEXPONENT N FOR AIRFOIL ORDINATES = »E1245)
605 FORMAT (1H +26HRATIO OF SPECIFIC HEATS = 4 9XeE1245)
606 FORMAT (1H s2BHFREE STREAM MACH NUMBER M = »7X:E1245//)
END

1
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PROGRAM FOR DETERMINING THE SURFACE PRESSURE DISTRIBUTION FOR FREE
STREAM MACH NUMSER M AT OR NEAR 1 FOR NONLIFTING SYMMETRIC
AIRFOILS HAVING ORDINATES Z PROPORTIOMAL TC X=X**N OR 1-X-{1-X)%#N
B8Y USING THE METHOD OF LOCAL LINEARIZATION = FOR REFERENCE SEE
SPREITFRs J, R4 AND ALKSNEs Ay Yas NASA TR 1359

L Yy e T A R S R RS L

THE INPUT DATA FOR THIS PROGRAM ARE ALL REAL CONSTANTS AND ARE IN-
PUTTED ON ONE CARD AS FOLLOWS

COLUMNS 1 TO 10--LOCATION AS FRACTION OF CHORD (X/C) OF POSITION
OF MAXIMUM THICKNESS OF AIRFOIL

COLUMNS 11 TO 20--FINENESS RATIO OF AIRFOIL

COLUMNS 21 RATIO OF SPECIFIC HEATS OF GAS

COLUMNS 31 FREE STREAM MACH NUMBER

COLUMNS &1 TO 50~-1NTERVAL SIZE AS FRACTION OF CHORD FOR PRESSURE
DISTRIBUTION PRINT-OUT
REERRARN

Ly T S e Y )

REAL INTGRLYMsMSQsNsN1+NEWN3NEXP s NUM
COMMON XMTsN
DIMENSION X{1025)9F(1025) sXMTKS(19) sNEXP(19)
XMTKS(11=405
DO 100 1=2+19
100 XMTKS{1)=XMTK5{1~1)+405
NEXP(1)=2884731
NEXP(2)=34.649
NEXP(3)=194173
NEXP{41=124215
NEXP{5)s8.396
NEXPl6}=64044
NEXP(7)=4.482
NEXP(8)23.389
NEXP{9) 224595
NEXP(10)%2,000
DO 101 =149
J=10~1
101 NEXP{I+10)=NEXP{J)
READ 15s2) XMTsFINyGAMMA sM+DX
FORMAT (5E1044)
WRITE (6+200)
200 FORMATI1H1»39X60HCALCULATION OF SURFACE PRESSURE DISTRIBUTION FOR
1FREE STREAM /40X60HMACH NUMBER M AT OR NEAR 1 FOR NONLIFTING SYMME
2TRIC AIRFOILS /40X60HHAVING ORDINATES Z PROPORTIONAL TO X-X##N OR
3]-X~{1=X)#*N BY /40X39HUSING THE METHOD OF LOCAL LINEARIZATION///)
If [XMTsGE«144OReXMTaLE-Os) GO TO 303
IF(FINGLEZOs} GO TO 304
IF (GAMHMAGLT+12¢OReGAMMACGT.14667) GO TO 305
IF (DX«LEsO4sOReDXsGTale) GO TO 307
DO 3 1=1+19
SENTI=ABS(XMTKS(1)=XMT}
1F1405=SENTI) 3sask
CONTINUE
N=NEXP(1}
AxXMT
1F IXMTotTee5) A=lo=XMT
NIT=0
N1=N=1.
NITaNIT+1
IF [NTT4GT.20) GO TO 6
ANlzA®®N]
NUMz1,=N#AN]
DENOMa~AN1®*(N*ALOGIA)+14)
NEWN=N-(NUM/DENOM)
ERRzABS(N/NEWN=14)
N=NEWN
1F (ERReGTel.E-4) GO TO 5
GO TO 8
& WRITE (6+7)
7 FORMAT (5X20HEXECUTION TERMINATED/5X87HTHE VALUE OF THE EXPONENT N
1 CANNOT BE DETERMINED TO WITHIN +01 PERCENT IN 20 [TERATIONS)

N

Y

w

noN

250

50
40

—

12

16

GO TO 1

WRITE (64601)

FORYAT (14 +5X3BHAIRFOIL AND FLOw FIELD CHARACTERISTICS //}
WRITE {63602) XMT

FORMAT (1H »37HAIRFOIL MAX. THICKNESS AT X/C = 3XsE1245}
WRITE {54+633) FIN

FORHAT (1H »19HFIMNENESS RATIO F = 916XsE1245)

WRITF (696040 N

FORMAT (1H s35HEXPONENT N FOR AIRFOIL ORDINATES = »E12.5)
WRITE (6»605) GAMMA

FORMAT (1H #26HRATIO OF SPECIFIC HEATS = » 9XsE1245)
wRITE (61606) M

FORYAT {1H »28HFREE STREAM MACH NUMBER M = »7X»E1245//)
MSD=MeM

21=(NEX{N/(N=14)))/(N=-10}

Q2=ha*Q1%01/341415927

SIMFAC=11e/ (FIN*FINKMSO* (GAMMA+ L)) ) ##(]1,4/34)

X1={MSQ® (GAMMA+]14)/FINI*#{24/3s)

X[ =1M5Q=14)7/%X1

¥ xTpuaddy

CALCULATION OF SONIC POINT

CALL SONPT(XS»FS)
1F1A35(X5+1e14LEalsE-5) GO TO 1

THE FOLLOWING CARD COMPUTE THE SURFACE PRESSURE DISTRIBUTION

WRITE (6+250)

FORMAT [1HO»SX»1HX»12Xs5HCPRAR 14X+ 2HCP/ /)

X0=nX

IF {X54LT404l) GO TO S0

Gn To 10

IF 1409-X0) 10+40+40

X0=X0+DX

GO To SO

H=(X0=X5) /44

X{1)=XS

Fll)=FS

DO 11 I=2+5

X{I)=X{T1=1)+H

F(1)y=INTGRLIX{]})

SUMI=(=3.#F (1) ~104%F (21 +184%F(3)-6e#F{4)4F(5) ) un2
SUMI=SUMI+(=F {1146, #F 1 2)=1R*F{3)+10.%F{4)+3.#F(5))ux2
SUMZ={F(1)-8a*F(2}+Ba*F(4)~F(5))*a2

SUMAZ (34 4F (1) =164%F(2)4364*F{3)—4Be*F {41425 *F(5) ) %%
CP1={44*¥5UM1+2,#5UM2+5UM3) / (4324%H)

NI=4

K=1

J=NI+1

HzH/2,

NI=NI#®2

NN=NT+1

NO 13 I=1sNN»2

11=NN+1-1

X(ITy=xtJ)

Fil1)=F())

J=J-1

DO 14 T=2sNI»2

Al=1=-1

X111 =XS+AI*H

FUI)=INTGRLIX(I))
SUMI=(~=3e#F(11-10e*F(2}+18e#F(3)~6e¥F(4)aF(5))%n2
SUMT=SUMI+(=FINI=3) 46 ¥F (NT=2)~18 s #F(NI=1)+104*F (NI)+3.%F(NI+1) ) ##

12

JJI=NT1-2

00 15 I=49JJs2

SUMI=SUMI4+ (Fllm))~BoF(1=1)+8a%F([+])=F(T+2) )02
MM=NT =]

SUMP=0,

DO 16 1=32MMy2
SUMP=SUM2+IF(1-2) =8, 8F (1=1)48+%F({[+1)}=F(1+2) )82



19

30
17
18

19
103

20

21

22
104
23

2

303
400

304
401

305
402

107
404

—-

»

SUM2= {3 #F (NT=31=16#FINI=2)436e#F(NI~11=4Bo#F (NI 425, #F(Nl+]1))#%2
CP2={h e #SUMI+24R5UMZ+5UM3 )/ (4324%H)

IF {ABSICP2)eLFelaFE=3} GO TO 30

ERR=ABS(CP1/CP2=14}

IF [ERR-4001) 20+20,17

ERR=ARS(CP1=CP 2}

IF (ERR=+00001) 20420417

IF [K=9) 18¢18919

X=K+1

CP1l=CP2

60 10 12

WRITE (6+103} X0

FORMAT (/5X2BHEXECUTION TERMINATED AT X = sE1245/5X107HTHE OUTER 1
1NTERGRAL OF THE PRESSURE COEFFICIENT CAN NOT BE DETERMINED TO WITH
2IN «1 PERCENT IN 10 ITERATIONS }

GO TO 1
IF 1X0.GT«X5) GO TO 21
CP2=~CP2

CP3=10N2%CP2)#¥(14/3,)
COBARA2,*X14+CP2

CP=SIMFAC*CPRAAR

G0 TO 22

CP3=1Q2#CP2)#*114/3,)
CPBARz2.%X[~CP3

CP=SIMFAC#CPBAR

WRITE (6»106) XO0»CPBARN (P

FORMAT (1H +E10¢4»2(5X21PE12.5))
X0=X04DX

IF (ABS{X0-XS)aLEelsE=3) GO TO 24
1F (1401=X0) 1+10+10

€22=0,
GH 1o 21
WRITF (6400}

FORMAT (/431 XMT MUST BE GREATER THAN 0 AND LESS THAN 1 )

GO TO 1

WRITF 169401}

FORMAT (/43H FINENESS RATIO F MUST BE GREATER THAN ZERO }

GO TO 1

WRITE {69402)

FORMAT (/65H RATIO OF SPECIFIC HEATS MUST BE GREATER THAN 1 AND LE
155 THAN 5/3 )

GO T0 1

WRITF (6+422)

FORMAT (/89H INTERNAL SIZE FOR PRESSURFE DISTRIBUTION PRINT=-QUT MUS
1T BE GREATER THAN 0 AND LESS THAN 1)

Go 10 1

END

SUBROUTINE SONOTIXS,FS)

REAL INTGRL

COMMON XMTaw

CALCULATION OF APPROXIMATE LOCATION OF SONIC POINT
=+05
IF(XMTaLTea2e0ROXMT4GTaa8) H=aO1

2=H

TFIXMT,GT4aB) Zz45

F1=INTGRLI2)

2=714+4

Fr=INTGRL(2)

no=F?

2xZ4H

FO=F1

F1=F2

NTGRL(2Z)

N1=~FO+F2

SGN=NO*D1

IF (SGN) 4413

no=n1

GO TO 1

4

n

500
90

»

~

@

o

LOCATINN OF SONIC POINT IS NOW DETERMINED TO WITHIN 401 PERCENT BY
1USING A PARAROLIC INTERPOLATION

X0=Z~H

X2=X0=H

X1=
F2=TNTGRLIX2)

FO=INTGRL(X0)

F1=1NTGRLI(X1)

X5=x0

XERR=10.

N=-1

N=N+1

1IF (NaGTW20) GN TO 12

DXx1=x1-x0

NX2=X0=X2

NASUM=DX2+DX 1

DXDIFF=DX2=DX1

A=DX2#F}

B=DX1%#F2

C=DXSUM#*FD
ANUM=2#DX2~B#NX1=-C#DXDIFF
OENOM=(A+B-C)*#2,
IFLARSINFNOM)sLE+14E=6) GO TO 499
0OLDXS=XS

XS=X0={ AN M/NENOM)

FS=INTGRLIXS)
XFRR=ABS(OLDXS/XS-14}

1 [XFRR+GTs1aF=4) GO TO &

WO ITF (6490) XS

FORVMAT [1HO#19HSONIC POINT AT X = 3E12.5/)
RETURN

X5=X0

FS=INTGRLIXS)

GNH TH 500

N>=aRS5{X2-XS)

n1=ARS(X1-X5)

IF (n2,LT.D1Y GO TO 9

I (X5,LT,x0}) GO TO 8

1F (SS.LT.XI) Go To 7

F2=F0

FO=F1

F1=FS

GO TO 5

X2=X0

XN=XS

F2=FO

FO=FS

GO TO 5

X2=X5

F2=FS

G0 T0 5

IF [X54GT4X0) GO TO 11
1F (éS.GT.XZ) GO TO 10

5

th201)
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2C1

FORMAT(/5X20HEXECUTION TERMINATED/5X92HTHE LOCATION OF THE SONIC P

10INT CAN NOT 8F DETERMINED TO wWITHIN o01 PERCENT IN 20 I[TERAT[ONS)

~

-

[

XS==1,
RETURN
END

FUNCTION INTGRL (X}
REAL INTGRLSN

EXTERNAL FUN

COMMON XMTsN

COMMON /BLK1/ Z42]

Z=X

TF (XMT4GEee5) GO TO 1
Z1={1e~X)#%(N=14)

GO T 2

Z1=X#%(N=14)

CALL SIMP {XLsXUsNIT4NIT1»TOL»FUNIANS)

IF (NIT14EQe0} GO TO &

1F {XMT«GEse5} GO TO 3

TMTGRL=N#ANS+2,%# (-1 ,+N*Z]1)#SQRT{X)

RETURN

INTGRL=N*ANS+24%(14~N*21)#5QRT(X)

RETURN

WRITE f6%5) X

FORMAT (/5X28HFXECUTION TERMINATED AT X = 1E1245/5X75HTHE INNER 1IN

1TEGRAL INVOLVED IN DETERMINING THE PRESSURE DISTRIBUTION AT M=l »/
2 5XBOHCANNOT BE CALCULATED TO WITHIN #01 PERCENT IN 10 ITERATIONS
3USING SIMPSON-S RULE )

—

N

STOP
END

FUNCTION FUNI{Y)

REAL NyNUM

COMMON  XMT N

COMMON /RLK1/ 1521

IF {ARS{Z-Y)eLFelaE~3) GO TO 3
1F (XMT¢GFae5) GO TO 2
NUM={1e-Y)}®#IN=-14)~21
FUN=NUM/SGRT(Z-Y}
RETURN
NUM=Z1-Y#%IN=1,)

GO TO 1

FUN=0.

RETURN

END

N

-

SUBROUTINE SIMPIXLsXUsNITaNIT12TOLFUNSANS)
NIT1=10

H= {XJ=XL)/2,

SUMT=FUNEXL)+FUNTXU)

SUM?=FUN(XL+H}

ANSzHR(SUMI+44%SUM2)} /3,

N=2

DO 3 I=1sNIT

ANS1=ANS

N=N#2

H=H/2e

5UM
NN=N-1

DO 1 K=1»NN»2

AR =K

SUMA=SUM3+FUN( XL+AK*H}
ANSzHEISUML +2. % SUM244 o #5SUM3) /3,
IF {ARSIANS).LFeleE~3) GO TO 2
ERR=ABSIANS1/ANS~1,)

IF 1FRR,LF,TOLY RETURN

GO To 3

ERR=ABS{ANS=ANS]}

IF [ERR«LE«14E=6) RETURN
SUM2=SUM2+5UM3

NIT1=0

RETURN

END

v Xrpusddy



PROGRAM FOR DETERMINING THE LOWER CRITICAL MACH NUMBER FOR NONLIFT
ING SYMMETRIC AIRFOILS HAVING ORDINATES I PROPDRTIONAL TO X-X#sK
OR 1-X~[1-X)#**N BY USING THE METHDD OF LOCAL LINEARIZATION--FOR RE
FERENCE SEE SPREITER»JsRe AND ALKSNEsAsYssNASA TR 1359

Dy L T T T ey TR ey T Y
THE TNPUT DATA FOR THI3 PROGRAM ARE ALL <EAL CONSTANTS AND ARE IN-
PUTTEN ON ONE CARD A5 FOLLOWS
COLUMNS 1 TO 10=--LOCATION 45 FRACTION OF CHCRZ (x/C) GF POSITION
OF MAXIMUM THICKNESS OF AIRFOIL
COLUMNS 11 TO 70--FINENESS RATIO CF AJRFOIL
COLUMNS 21 TO 20--RATIO OF SPECIFIC HEATS OF 143

L T T I Ry RNy Y

AN AAANA AN ANANAN

REAL MsNsN1sNEWNSMEWMsNEWY sNEXP sNUM
COMMON XMT N
DIMENSION XMTKSI19),NEXPL19)
XMTKS (1) =05
DO 100
XMTIKS{T1=XMTXS{T-1)+405
NEXP(1)=884731
NEXPI2)=34.649
NFXP13)=19,173
NEXP{4)=12,4215
NEXP(5)284396
NEXP16)=64044
NEXP{7)=4.482
NEXP(8)=3.389
NEXP(91=2.595
NEXP(10322.000
NO 101 I=1,9
J=x10-1
101 NEXP(T+10)aNEXP(J)
REAN (5y2) XMTsF,GAMMA
FORMAT (3E1044)
TAU=1,/F
WRITE (6+200)
200 FORMATI1H1+39X58HCALCULATION OF LOWER CRITICAL MACH NUMBER FOR A M
1ONLIFTING /40XS9HSYMMETRIC AIRFOIL HAVING ORDINATES Z PROPORTIONAL
2 TO X-X*#BN /4OXSBHOR 1-X=(1-X)*#N BY USING THE METHOD OF LOCAL LIN
IEARIZATION //7)
IF{XMT4GEa1ssORsXMT4LEsOe} CO TO 303
IFiFeLEeOe) GO TO 304
IF{GAMMA+LT41440RsGAMMALGT14667) GO TO 305
DO 3 1=x1s19
Jul=1
1F (XMTKSU1)=XMT) 354951
CONTINUE
N=NFXP{1)
GO TO 50
IF {14EQsl) GO TO &
N=NEXP{ )+ INEXD{T)=NEXPEI} )/ (XM TKSIT)=XMTKS( ) ) #1XMT=xMTKS L))
CONTINUE
AxXMT
IFIXMTALTae5)  A=le-XMT
NIT=0
N1=N-1le
NIT=NIT+1
1FINITLGTL20) 10 TO 6
AN ARN]
N*ANL
ANL#{N*ALOG{A}+14)
NEWN=N={NUM/DENOM)
ERR=[N/NEWN-14)
N=NEWN
IF{ABS(ERR}+GTa1leE~4) GO TO 5
G0 TO 8
6 WRITF (647)
7 FORMAT (§X20HEXECUTION TERMIMATED/SXBTHTHE VALUE OF THE EXPONENT 4
| CANNOT BF DETFRMINED TO #1THIN ,01 PERCEND T 22 [TERATIONS)

=3

10

N

)

5

-

o

5

-

€9

3

10
11

499

GO To 1

WRITF 1646013
WRITE (5+602)
WRITF (6+603)
WRITE (6+604)
WRITE (64605}

X1=X
TFUXMT LT e?4NReXMT  GTea8Y
X=X+0DX

xMT

3

N
GAMMA

IFIXsGFela) GO TO 10

F=FCT{X)
1F{ARS{F+100.

GO T0 12
WRITE (6511)

FORMAT (/72H PROGRAM TERMINATED BECAUSE NO PRESSURE MINIMUM WAS FO

DNX=401

] oLEs1eE=5) GO TO 1
TFIF.6T.F1)Y GN TQ 9

1UND OM THE AIRFOIL

GO 10 1
XERR=1.E6
NIT=-)

XST=xn
NIT=NIT+1
1FINTTGT.20)
DX1=X1-X0
NX2=X0-X2
NXSUM=DX1+DX2
DXDIFF=DX2-DX
Al=DX2*F 1
R1=DX1%*F2
C1=NXSUMEFQ

50 To 20

1

ANUM=A1#DX2=-21*DX1=-C1*DXDIFF

DFNOM={A1+B1-

1ELARSINENOM)
OLPXST=XST
XST=X0~(ANUM/
FST=F(TIXST)
XFRR=ABS(OLDX
IFIXFRR,GT 1,
IFLARSIF+100.
GO T0 21
X$T=x0
FST=FCTIXST)
GO 10 21
N7sARS(X2-XST
N1=ARS(X1-XST
IFIN?.LT4D1}
IFIXSTWLTWX0}
TFIXST LT %1
X2=%0

x0=x1

X1=xsT

F2=F0

FO=F1

F1=FST

6N TO 13
X2=X0

x1=XST

F2=F0

C1) %2,
sLEslF=-6) CGN

DENOM)

ST/XST~141
€-a} GO TO 14
1 alEelsE-S)

H

)

G0 T0 17
0 T0 16
Go TQ 18

Tn 499

GO 10 1

¥ xipuaddy



¥9

FO=FST
GO To 13

16 X2=XST

F2=FST

GO To 13

IFIXST.6T%0) GO To 19

IF (XSTeGTeX2) GO TO 18

X1=X0

X0=X2

X2=xST

F1=FO

FO=F2

F2=FST

GO TO 13

18 X12x0
X0=XST
F1=F0
FO=FST
GO TO 13
19 X1=XST
F1=FST
GO TO 13
20 WRITE (69706)

704 FORMAT {/99H PROGRAM TERMINATED BECAUSE THE PARABOLIC INTERPOLATIO
1N SCHEME CANNOT DETERMINE THE LOCATION OF THE / 2X103HINCOMPRESSIB
2LE PRESSURE COEFFICIENT TO WITHIN 01 PERCENT IN 20 ITERATIONS IN
3THE VICINITY OF THE POINT }

21 Ba(N##(N/(N=141))/(N=14)
Cme 758 {GAMMA+14 ) *B#FSTHTAU/3,41615927
DELTY=4l
NIT=0

22 DELTY=DELTY/2,

YOLD=0.
Y=DELTY
NIT=NIT+1

23 Yl=le=Y
Y2x{CaY)#nl2,/30)
TFUY2-Y1) 24224925

24 YOLD=Y
YaY+DELTY
IF{Y.GEs1e) GO TO 800
GO TO 23

25 Y=LY+YOLD)/2.

MsSQRT(Y)

27 Yl=le-Y
NIT=NIT+1
IFINITJ6T420) GO TO 28
SRY1=SQRT(Y1)
NUM=C#Y-Y1%SRY1
DENOM=C+145%SRY1
NEWY=Y-( NUM/DENOM)
IF(NEWYeLEeDs) GO TQ 22
NEWM2SQRT {NEWY)

ERRM=ABS (M/NEWM=14)
YaNEWY
M=NEWM
IF{ERRMeGTel.E~4) GO TO 27
WRITE (6+310) M
310 FORMAT 11M »29HLOWER CRITICAL MACH NUMBER = »6XsE12.5}
GO T0 1

28 WRITE (65311)

311 FORMAT 1/99H PROGRAM HAS TERMINATED BECAUSE THE VALUE OF THE LOWER
1CRITICAL MACH NUMBER COULD NOT BE DETERMINED / 2X38BHTO WITHIN .01
2PERCENT IN 20 ITERATIONS )

GO TO 1

601 FORMAT (6Xs» 3BHAIRFOIL AND FLOW FIELD CHARACTERISTICS //)

602 FORMAT {1H »32HAIRFOIL MAXe THICKNESS AT X/C = »3X3E12.5)

603 FORMAT [1H »19HFINENESS RATIO F = +16XsE1245})

604 FORMAT (1H s35HEXPONENT N FOR AIRFOIL ORDINATES = »E12.5)

605 FORMAT (1H »26HRATIO OF SPECIFIC HEATS = +9XsE12.5)

307 WRITE (6+400)

400 FORMAT (/43H XMT MUST BE GREATER THAN O AND LESS THAN 1 )

-~

1

GO 1O 1

304 WRITE (63401
401 FORMAT (/43H FINENESS RATIQ F MUST BE GREATER THAN ZERO )

GO To 1

305 WRITE (6:402)
402 FORMAT (/765H RATIO OF SPECIFIC HEATS MUST BE GREATER THAN 1 AND LE

155 THAN 5/3 )
GO 10 1

800 WRITE {6»801)
801 FORMAT (/62H PROGRAM TERMINATED BECAUSE THE APPROXIMATE VALUE OF M

1CR LOWER / 2X8SHNEEDED FOR STARTING THE NEWTON=-RAPHSON ITERATION S
?CHEME EXCEENS 1 )

G0 TO 1

END

FUNCTION FCT(X}

REAL N

EXTERNAL FUN

COMMON XMT N

COMMON /BLK1/ Zs21

ZuX

IF(XMT4GE4a5) GO TQ 1
Zintle=X) %% (N=10}

GO TO 2

Z1=X#H(N=1,)

XL=0.

XU=1,

TOL=1+E-4

NIT=10

CALL SIMP(XLsXUsNITsNIT1sTOLsFUNANS)
IFINIT1.EQ.0) GO TO 5

IF{XMTLGEwsS) GO TO 3
DERIV==14¢+N#({1e=X)##(N-14))

GO TO 4

DERIVE],=N#(X#2{N~]1,})
FCT=N#ANS-DERTVEALOGI (1e=X}/X)
RETURN

WRITE (636) X

FORMAT (/3X28HEXECUTION TERMINATED AT X = 3E12,5/5X112HTHE INCOMPR
1ESSIBLE PRESSURE INTEGRAL COULD NOT BE DETERMINED TO .01 PERCENT 1
2N 10 ITERATIONS USING SIMPSONS RULE)
FCTx=1004

RETURN

END

oy

=

> w

FUNCTION FUN(Y)

REAL NaNUM

COMMON XMTsN

COMMON /BLK1/ 2421
IF{ARS(Z=Y} 4L TaleE=3) GO TO 3
IFIXMT4GEsa%5) GO TO 2
NUMzZ1=-(14=Y)##(N=-14)
FUN=NUM/ (Y~Z)

RETURN

NUMzY##(N=1,)~Z1

GO T0 1

IF{XMTeGEes%) GO TO &
FUN=(N=1e)2((1e=Y)#%(N=20))
RETURN
FUN=(N=1¢)%(YRRIN=2,))
RETURN

END

[CIN N

»
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SUBROUTINE SIMPIXLsXUsNITsNIT1sTOL »FUNSANS)
N1T1=10

He (XU-XL) /2.
SUM2FUN{XL)+FUNTXUY
SUM2=FUN XL +H)

ANS=H* {SUM1+44%5UM2) /3.

N=2

DO 3 I=1sNIT

ANS1=zANS

N=N#2

H=H/2.

SUM3=0,

NL IMxN=1

D0 1 K=lsNLIM»2

AK=K

SUM3xSUMI+FUN{ XL+H®AK }

ANS=H# { SUM1424 #5UM24+4 « #SUM3) /3,
IF{ASSIANS) oLEs1eE=3) GO TO 2
ERR=ABS[ANS1/ANS~1,)
IFIERR,LE-TOL) RETURN

G0 T0 3

ERRzABSt{ANS=ANSY)
IF(ERR.LE«1eE-6} RETURN
SUM2xSUM2+5UM3

NIT1=0

RETURN

END
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PROGRAM FOR DETERMINING THE UPPER CRITICAL MACH NUMBER FOR
NONLIFTING SYMMETRIC AIRFQOILS HAVING ORDINATES Z PROPORIIONAL TO
X-X##N OR 1=-X-(1=X)%¥N BY USING THE METHOD OF LOCAL LINEARJZATION
- FOR REFERENCE SEE SPREITER» JeRe AND ALKSNEs® As Y,» NASA TR 1359

L L ey Ly NI s I T Y
THE INPUT DATA FOR THIS PROGRAM ARF ALL REAL CONSTANTS AND ARE IN-
PUTTFN ON ONE CARD A5 FOLLOWS
COLUMMS 1 TOQ 10~-LOCATION AS FRACTION OF CHORD (X/C) OF POSITION
OF MAXTMUM THICKNMESS OF AIRFOIL
COLUMNS 11 TO 20--FINENESS RATID NF AIRFOIL
COLUMNS 21 TO 20--RATIO OF SPECIFIC HEATS OF GAS

L Ty e L ey s

REAL MoNoNIsNEXP sNUMsNEWN sNEWMsNEWY
DIMENSION XMTKS{19)sNEXP{19}
XMTKS{1) =495
NO 100 =219
0 XMTKS{[)=XMTKSI1=1)+.05
NFXP{1)=88.731
MFXD{2) 34,649
NEXP(3)=1941713
NEXP(4)=124215
NEXP(5}=84396
NEXP(6)=6.044
NEXP(T}=44482
NEXP(8}=34389
NEXP(91=24595
NEXP(10)=2,000
20 101 1=1,9
J=10-1
NFXP{1410)=NEXP(J)
READ (5+2) XMT»F+GAMMA
FORMAT [3£1044)
WRITE {659200)

N

200 FNRMATI1H1#39X69HCALCULATION OF UPPER CRITICAL MACH NUMBER FOR A N

5

5

1ON LIFTING SYMMETRIC /40KT79HAIRFOIL HAVING ORDINATES Z PROPORTIONA

2L TO X=X##N OR 1-X-{1-X)*¥N BY USING THE /40X29HMETHOD OF LOCAL

ILINEARIZATION ///)

TF (XMT.GEslesNRsXMT4LESOs} GO TO 303
IF (FelLTads) GO TO 304
TF (GAMMA,LT413¢ORsGAMMASGT 14667} GO TO 305

DO 3 1= 1.19
Jal-t
1F (XMTXS{])=XMT) 34951
CONTINUE
NaNEXP (1)

GO TO 50

1 IF (1.EQ.1) GO TO &

NaNEXP( J)+(NEXP(T1=NEXPIJY )/ (XMTKS (1) =XMTKSTJ) ) #{XMT=XMTXS{ )}

CONTINUE

A=XMT

TF (XMTuLTas5) Asle~XMT

NIT=0

N1=N=1.

NIT=NIT+1

IF {NIT4GT420} GO TO 6

ANl=A%&N]

NUM=1,-N®AN1

DENOMe—AN1#(N#ALOGIA}+1.)

NEWN=N={NUM/DENOM)

ERR=ABS(N/NEWN~-10¢)

N=NEWN

If (FRR.GTel1.E~4) GO TO 5

G0 10 8

6 WRITF (647)

7 FORMAT (5X20HEXECUTION TERMINATED/5XB7HTHE VALUE OF THE EXPONENT N
1 CANNNT BE DETERMINED TO WITHIN .01 PERCENT IN 20 TTERATIONS)
60 Tn 1

8 WRITE (61601}

o w0

n

o

14
607

303
400

N4
401

205
407

601
602
603
604
605
606

WRITF {6+602) XMT

WRITE 1646031 F

WRITE (696041 N

WARITF (65605) GAMMA

S=en e (NXH(N/(N=1a})}

IF {X¥TeGTes5) SmS/IN-10}

C=1.5% (GAMMA+]14)%S5/F

DELTY=a1

NI1T=n

DELTY=DELTY/ 24

YoLh=1.

Yzl +DELTY

Y1=Y=-1.

Y2s(CaY)##(24/34)

TF {Y1-Y2) 11911912

YoLh=Y

Y=Y+DFLTY

GO To 10

Y=(Y+YOLD) /2.

M=SNRT(Y)

Y1=Y=1.

NIT=NIT+1

TF (NIT,GT.20) GO TO 1a

SRY1=SQRT(Y1)

NUM=C®Y=Y]#5RY]

DENOM=C-1+5#%5RY1

NEWY =Y~ NUM/DENOM}

1F (NFWY,.LT.0s) GO TO %

NEWM=SQRT (NEWY )

FRRM=ABS (M/NEWM=1,}

Y=NEWY

M=NFWM

1F (ERRMaGTalaf=4) GO TO 13

WRITE (646061 M

GO To 1

WRITE (64607

FORMAT (/39X» 62HPROGRAM HAS TERMINATED BECAUSE THE VALUE OF THE U
1PPER CRITICAL /40X74HMACH NUMBER COULD NOT BE DETERMINED TO WITHIN
2 401 PERCENT IN 20 ITERATIONS )

60 TO 1

WRITE (65400)

FORMAT (/434 XMT MUST BE GREATER THAN O AND LESS THAN 1 }
G0 T0 1

WRITF (63401) .

FORMAT (/43H FINENESS RATIN F MUST BF GREATER THAN ZERO }
GO To 1

WRITF {69402}

FORMAT {/65H RATIO OF SPECIFIC HMEATS MUST BE GREATER THAN 1 AND LE
155 THAN 5/3 )

GO TO 1

FORMAT{1H »5X3BHAIRFOIL AND FLOW FIELD CHARACTERISTICS //)
FORMAT (1H s32MAIRFOIL MAXe THICKNESS AT X/C = 33XsE£1245)
EORMAT (1H +19HFINENESS RATIO F = +16X9E1245

FORMAT [1H s35HEXPONENT N FOR AIRFOIL ORDINATES = »E1245)
FORMAT (1H 26HRATIO OF SPECIFIC HEATS = » 9XsE1245)
FORMAT (1H »29HUPPER CRITICAL MACH NUMRER = +6X1E1245)
END
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APPENDIX B

LISTING OF THREE-DIMENSIONAL COMPUTER PROGRAMS

PROGRAM FOR DETER“ININGL THE SURFACE AND FLOW F[LLD PRL>5URE DIoTRI 5 ON1=D~=1s
AUTIAN FOR FREE oIRE2v MACH NUMuER M BELOW THE LU#ER (k11I1CAL ON MIT=NIT+1
NONLIFTING BODIE. OF REVDLUTION RAVING ORDINATES R 2wLiuwT]ONAL TC IFINITalTa20) GO TO 6

X-X##N OR 1~-X=(1-X)##N aY YSING IHE METHOD OF LZ{aL LIN
FOR REFERENCE SEt 5PREITERsJsRs AND ALKSNEsA.Y.sNS33 T-

RIZATICN ANl=a*#DN]
nZ ANLM=1,-DN¥aN]

DFENOM=—AN1# (DN#ALOG(AI+14)
DNEWN=DN= t DNUM/DENOM)
L Yy Ly Ry Y LN Y ERR=AGS(DYN/ONEWN=14 |}
THE INPUT DATA FOR THIS PROGRAM ARF ALL REAL CONGTARIS AND ARE [N- NN=NNEWN
©'T7en ON ONE (ARM AS FNLLOWS IFIFRR4GT14€E=4) GO 10 S
TNLIMNS ) TO 10--FREE STREAM “ACK NUMBER G0 TO 8
COLUMNS 11 TO 20--LOCATION Ac F-ACTION OF 20DY LinGln (a/Ly OF 6 WRITE 1647}
©0S1TION OF MAXIMUM BODY THIIKNL3S 7 =ORMAT (4X49HEXECUTION TERYMINATED BECAUSE EXPONENT N CANNOT BE/S5X
cnLImMN3 21 TO 2.-=C]NENESS RATIO OF RODY 149HNETETMIND TO WITHIN 01 PERCENT IN 23 ITERATIONS)
coLivys 31 TO 40--INTERVAL SI1ZE &5 FRACTION OF 20H0Y LUNGTH FOR a0 TN 19
PRESSURE DISTRIAVTION PRINT-OUT 8 D= (NNPRION/IDN=1,00) 117/ (DN=1400)
“OLIMNS 41 TO 50=-INDEX FOR FLOA FIELD PRINT-QUT**+{NDF X Z2JAL 1O V=]
nNe LESS THAN Q0,2 =23 NO FL"w% FT1 L9 CALCULATION anD GREATER THAN NTAy=14/7
040 FOR FLOW FIE.™ ALCUL&TION SAMMA=l. s
I T N Tay=7"#7Tau
neTau2="CTagsncTAU
DZJ=9401
MATN OQOGRAM nZF=0,90
REAL v D1Y=1,00-N4kDY
DIMENION DPRMT(51s. YE1)sDIERY (L) s DAUX(161) DEC=PMEDME 2,00

NIMFNIION XMIX STy sDNEAP(19)sDESTI]19)
FXTERNAL FCT»QUTP

COMMON /A7 D1™sDXK

COMMON /B/ MM Nal

COMMON /C/ DCTAUZ2 ™ nN25=nZ51="52P1INZS1)/DS3PTINZST)

CAL7 '"LATINN OF THE POINT WHERE b5-={X) =0

laXEXal

COMMNN /L7 X TFIARS{NZH-T2S1)elTele"—6) GO TO 3
CoMMaN 7P/ DC nz31=nZ%
COMMAN /MRMC/ DWRTESDMRMFL wFLD M=N+ 1
DATA XMTKS/0403 0417 +415542094250030943514601,3550500057045014650 1FiN,5T, 1M1 50 TO 2
1 07094759483 94B%s 3500095/ 60 TO 1
DATA DNEXP/B88473153446691194173912,21508437605,0-usmeu=¢ri,3891 2 aRITE (60120}
24595+240024595134308791446825640680H, a0 loacltslyall s,y 106 FOR¥AT (1HO»4X55HEXECUTION TERMINATED BECAUSE S5--(X} = 0 POINT CAN
3446499884731/ INOT BE /5X57HDETERMINED TO WITHIN SUFFICIENT ACCURACY IN 10 ITERAT
NDATA DZ5T/040077126+04019182+04C23578904C507241+0.07C554+3.692097, 219NS)
1 04118356904146406004177347404211323+0.572312534337355, G0 TO 10
2 06406296404479059204555659+0463615910.720673534379353, c
3 04902386/ c START OF [NTFGRATION PROCFDURE
10 RFAND [5+9202) MsXMTFeDXsFLWFLD C
200 FORMAT (5F1045) 3 WRITE L6s671)
WO ITE (69600) WOITE (66021 XMT
600 FORYAT{1H1935X61HCALCULATION OF SURFACE AND FLOW FIELD PRESSURE DI wRITF (64603) F
1STRIRUTIONS 7/ 36X62HFOR PURELY SUBSONIC FLOW ABOUT A NONLIFTING BO WOITF (63604} DN
2RY NF REVOLUTION / 145X3THHAVING ORDIMATES R PROPIRTIONAL TQ X-X=an WRITF (63605) DIS
3 AR =X-[1-X14##N /36X42HBY USING THE “FTHOD OF LOTAL LiNEARIZATION WRITE (696U6) GAMMA
asi7) LURITF (616071 M
TF{XMT,5Ee1440ReXMT,LZ4N,) GO TO 303 DURM=0,
IFIF,LT.Cu) GN TN 37 TF (NMM-,C01) 92059209921
[0, ATa1aeDR M LELN. Y GO TC 306 Q9] NWRIE=NZS/OvM 4+ 1,0
IFINX4LFeNesQRMXeGTalal GO TO 307 MRM=NWRTE
fMManY NWPTF=MR™
RRFIY AWRTF=DWRTE#NMM + 0,001
Fal NMRM= DM
IFIXMT4GTae5) K=0 asr CANTIMUS
20 912 121919 nUO=NINTIDZS)
J=1-1 N7e0=-2.004DUO~NRSQIDIS)
JEIXMTRS{T)=XMT) 7134942951 WRITE (641011
317 TONT{NUE 101 FO%MAT (1HO»44HSTART OF INTEGRATION FROM S--(X} = 0 TO NOSE//)
314 DN=NNEXPLT) IF (FLWFLD) 101,30+31
nZL1=0ZSTLL} 32 WRITF (541071
53 T0 952 105 FOReaT 5%+ 1HKy 7TXBHCP(B0DY)/ /)
951 1F ([4EQe1) 6O TO 914 [aBRTa 3
SNENONEXPIJY+IDNEXPIT) =DNEXP I )/ IXMTKSET 1 =XMTXSTJ) ) # I XAT-XMTKSTJ) ) 3] WOITE (454112
PZS1=nZSTI)+tDZSTII=-N28T () /7 IXMTRSIT Y =XMTKSE D)) (XMT=XMT R St ) ) 112 FAwAT [5Xy 14X TXRHCPIAONY ) s 5XEHCP I1D) s6X6HCP{2D) s6X»6HCP (3D
920 ~ONTINUE 1 4X6HC0(LN) s GXEHCP (5D 16X6HCP 6D »6XEHCP LTD) s 6X6HCP (BDY/ /)
Az XMT 22 rANTIN
IFIXMTaLTae5) A=1.=Xul ~Yr11=0.0
NIT=0 IDERY (1132140
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24

922

103
(]

41
42

601

602
603
604
605
606
607
303
400

304
401

106
402

107
403

DPRMT(1)=DZS

DPRMT (21=DZ0

DPRMT(3}=-1,0E-3

DPRMT(4) =] eE-6

NDTM=]

CALL DHPCG(DPRMT »DY sDDERY sNDIM» THLF s FCTsOUTP» DAUX)
IF{THLF4GT410) GO TO 10

IF{MM,GTL1) GO TO 19

IF (NMRMLEN.0.0) GO TO 922

MRM=MPMa )

NWRTE zMRM

NWRTE=DWR TE#DMM

DMRM=DMM

DY!1)=2040

DDERY(1)=140

NEPMT{11=02S

DPRMT(21=0ZF

NPRYT(3)=140E-3

PORMT{4)=1,E~6

NDIM=1

WoITE (65103

FORMAT (1HO+44HSTART OF INTEGRATION FROM S5--(X1 = 0 T0 Ta(L//1
IF (FLWFLD) 40s40s41

WRITF (69102}

GO TO 42

WRITE (69112)

CONT INUE

CALL DHPCG(DPRMTsDY »DDERY sNDIMs ITHLF»FCTOUTP,, DAUX)

6o To 10

FORMAT (1H »49HRODY OF REVOLUTION AND FLOW FIELD CHARACTERISTICS//
1)

FORMAT [1H »29HRODY MAX, THICKNESS AT X/L = +3X»E12,5)
FORMAT (1H »19HFINENESS RATIO F = »13XsE1245)

FORMAT {1H +32HEXPONENT N FOR BODY ORDINATES = »E1245)
FORMAT (1H »20HS==1(X) = 0 AT X/L = +12X+E12.5)

FORMAT (1H 926HRATIO OF SPECIFIC HEATS = +6X»E1245)

FORMAT (1H +28HFREE STREAM MACH NUMBER M = +4X»E12.5
WRITE (61400)

FORMAT (1HD»42HXMT MUST BE GREATER THAN 0 AND LESS THAN 1)
GO To 10

WRITE (6+401)

FARMAT (1HO»42HFINENESS RATIO F MUST BE GREATER THAN ZERQ)
GO TO 10

WRITE (6+407)

FORMAT (113H FREE STREAM MACH NUMBER MUST BE GREATER THAN O AND LE
155 THAN THE LOWER CRITICAL MACH NUMBER WHICH IS LESS THAN 1 )
60 10 10

WRITE (69403}

FORMAT (/89H INTERVAL SIZE FOR PRESSURE DISTRIBUTION PRINT-QUT MUS
1T BE GREATER THAN O AND LESS THAN 1 )

GO To 10

END

SUBRNUTINE FCTIDXsDYsNZ)
PIMFNSION DY(11eDZ(1)
COMMON /A7 DIMyDK

COMMNN /R/ MM

COMMON /F/ DEF

NA=NSE( (DX
NA2=0S2P1(DX)
DA3=NS3IPTIDX)
NFF=NA2¥ALOGIDA/ (DX¥ (1400~DX} ) 1+DINT(DX)
AUU=N1M-DK* (DY { 1) +DEF)
TFINUUL 24241
0Z(1)=DA3¥ALOG I DUY)
RETURN

? MM=2

WRITF{6+700) DX

OO FORMAT [1HD»42HLOG ARGUMENT (1-MM=KU! 15 NEGATIVE AT X = vE12471

701 FORMAT (1H »72HPROGRAM TFRMINATED BECAUSE INPUT MACH NUMBER GREATE

60
20
20

k)

7
10]
1?

1n
100

WRITF (62701

1R THAN LOWER CRITICAL}
RETURN
END

5L APAUTIME nUTDINXoNY sDNERY s THLF yXDI¥ 9 DPRMT)

NIVENSTAN YT eDNFRY LI ) $DPRUT D)

RIMENSINN NCPF(B)

CAMMON /F/ NHF

CAMMAN 7uPC/ NURTE «NMRMFLAFLD

NUENY ) ) $DHF

PNCP2=2,708U=PRSN(DX)

1F {THLF,571,10) GO 1D 10

TF ANXetF 0401 oNP, NXalFa0,99) GN 10 20

IF [P¥R) 50920840

IF (DXe5T«DWRTF) RETURM

6N 10 2¢C

IF (NDXeLTeDWRTF} RETURM

IF (FLWFLT) 3033031

WRITE (641011 DXDCP

G) TO 32

Dl==2.,0%DU

n?==na5n(NX)

Paz—4  #NSPPT{NX}

N4=NRRA(DX)

NN 7 1=148

NA=1
N3=PA%Dy
DCPFLII=N14N2/(DBADRI+D3I*ALOGIDD)

WRITF (6+1C1) DXsDCPsDIPF

FORYAT (1X9sFBe591X1PELlett»149s8{1X1PE1Lad})

CONTIMUE

NWRTF=NWRTF+DMRY

RFTURN

WRITF (64100}

FNARMAT (1HO»74HINTFGRATION TERMINATED BECAUSE ACCUMULATED ERRORS H
VAVE AUSEN INTEGRPATINN /1X55HSUBROUTINE Tn RISFCT DRIGINAL STEP 51
7ZF (,0014 10 TIMFS
GO To 29

END
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FUNCTION DINT{DZ)
EXTERNAL DFUN»DFUNL
COMMON /G/ DWeDA2

DW=nZ
DA2=0S2PT(D2} I
N1T=10
DTOL=1.E-6 ?
CALL SIMPI{0,00sDZsNITHsNIT1sDTOL sDFUNsSDANS)
IFINIT1.EQs0) GO TO 20
DINT1=DANS
CALL SIMP{NZs1,00sNITsNITYsDTOL sDFUN1+DANS}
IFINIT1,EQe0) GO TO 20
NINT 22DANS
DINT=NINT1+DINT2
RETURN
20 WRITFU6+21)
21 FORMAT (1HO»2X»45HPROGRAM HAS TERMINATED BECAUSE THE FRACTIONAL/3X
1+ 47THERROR BETWEEN TWO SUCCESSIVE INTEGRALS OF DFUN /3X345HIS LARG
2ER THAN THE SPECIFIED TOLERANCE (DTOL}/3X» 4OHFOR THE GIVEN NUMBE
3R OF JTERATIONS (NITH)
WRITE[6922) D2
22 FORMATIIH +5Xs4HX = +E1447) 2

WRITFE (5923) DTOL

23 FORMAT (1H 35Xy29HFRACTIONAL ITERATIVE ERROR = +3XsE16.7)
s70P
END

FUNCTION DFUNINZ}

COMMON /G/ DWiDA2

IF (ABSIDZ-DW)4LTel4E~6) GO TO 20
NB2=NS2P1(DZ)
DFUN={DA2~DB2)/{DW~-DZ)

RETURN

DFUN=NS3P1(DW)

RETURN

END

2

o
—

~

FUNCTION DFUN1{DZ)
COMMON /G/ DWsDA2
IF (ABSIDZ-DW )4LT41sE=6) GO TO 20
DB2=DS2P1(DL)
DFUN1=(DA2-DB2}/{DZ-DW }
RETURN
20 NFUN1==DS3PT (DW)
RETURN
END

FUNCTION DSPI{DZ}

COMMON /C/ DCTAUZ4DN
COMMON /L/ X

1F(KsGTa0) GO TO 2
N51=NZ-pl*4DN
NSPI=NCTAU2¥NS1*DS1/1640
RFTURN
N51=1400=NZ=(1400-DZ) **DN
GO TO 1

FND

N e
~

FUNCTINDN NSPPTINZY

COMMON /C/ DCTAU2sDN

COMMON /L/ X

TF{KeGTs0) GO TO 2

NS1=NZ#*{DN-1400}

DS2P1=DCTAUP*(1+,00-DN#*DS]1# (DN+1.00~(2400#DN~1,001%D5111/8¢0
RETURN

NS1={1.00-D2)#*#{DN-1.00)

60 Tn 1

FNR

FUNCTION PS3PIINZ)
COMuON /C/ DCTAUZWDN
LOMMON /L7 K
1F{KaGT0) GO TO 2
NS1=NZ#*(DN-2.00)

DS!PI-(DCTAUZ'DN'(DN-I-00)'DSI*(-DN-1.00+2.ODI(Z-OO'DN-I.OO)'DSI

1%D2)1/8.0

RETURN
DS1=11.,00~DZ)*#{DN~2,00}
DS!DYr(DCTAUZ'DN'(DN-I-OO)'DS!'lDN+1.00-2-00'(ZaOO'DN'loooliDSI'

1(1.00-DZ2)}3/840

RETUPN
END

FUNCTION DRSQ(DZ)
COMMON /C/ DCTAU2sDN
COMMON 7L/ X

IFIK4GT-0) GO TO 2
0S1=nZ*# (DN-1400)
DS52=1,00~DN#DS1
DRSN=NCTAUZ#DS52#D52/440
RETURN
DS1=11,00=DZ)*%(DN=1400)
D52==1.00+DN#D51

GO 10 1

FND

SUBROUTINE SIMPIDXL»DXUsNITHNIT1sDTOL»FUN»DANS)
NIT1210

PH=(NDXU-DXL) /2.0
NSUMY=FUN (DXL 1+FUNINXU)
NSUM2=FUN (DXL +NH)
DANS=DH* {DSUM]+4 00 #DSUM?}/3,.,0
Ne2

00O 1 1=1sNIT

DANS1=DANS

N=N#2

DH=DH/2.0

NSUM3=0.0

NL TM=N=1

PO 2 K=1sNLIMy?

K=K
NSUMI=NSUMI+FUN{DXL+DH*DK )
NMANS=DH# (NSUM]+2400#DSUM2+6.00%D5UM3} /3,0
PFRR={DANS-DANS])

1F {ARS(DERR}J+LESDTOL) RETURN
DSUMZ=DSUM2+D5UM3

DTOL=DERR

NIT1=0

RETURN

NP
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FUNCTION DRRAINZ)
cOMMAN 707 DCTAU? DK
COMMON /L7 K

CAMMON 7P/ OC

TF (KT40y 60 TO 2
NA=NCHINC-NZI4NN)
DRRA=2,/DA

RETURN
DA=NC#(1,-DZ~114=-DZ)**DN)
G0 TO 1

END

SJURROUTINE DHPCGIPRMT Y sDERY sNDIM» JHLF sFCT2OUTP s AUX)

COMMON /B/ MM
BIMFNSION PRMT{11sY(]1)1+DERY (1) v 2UX{1691)
N=1

THLF=¢

X=PRPMT {1}

H=PRMT (1)

PRMTI5)=20.0

DO 1 I=1sNDIM
AUX(16+11=0,0
AUX{15+1)=DERY ()
AUXIY10=YL])

TE{H® (PRMT(2)1~X1134294

FRROR PFTURNS
THLF=1?
RN TH 4
THLF=113

COMPUTATION OF DERY FOR STARTING VALUES
CALL FCTUXsYsDFRY)
TF{MM,GT41) RETURN

RFCORDING OF STARTING VALUES

FALL NUTD{XsYsNFRY 4 THLF sNNIM3PRMT)
IFIPRUT{8) 165546

TFITHLFY 79796

RFETURN

DO 2 [=14NDIM

AUXtR,1)=NFRY(T)

CAMPUTATION OF AUX{2+11
TSw=]
6n 1o 100

X=X+H
DO 10 I=1sNDIM
AUX(2903=Y(T}

INCREMENT H 1S TESTED BY MEANS OF BISECTION
IMLF=THLF+]

X=X-H

DO 12 I=1sND1In

AUXT6s1)=aUX(24])

Hze5%H

Ne]

I15W=2

GO TD 100

X=X+y

CALL FCTI{XsYancRY)
TFlum,nT, 1) RFTURN
N=2

PO 14 I=1»N"IM
AUX[2,31y=YI(1)

[a¥a}

Ay AN

-

20

?

2%
25

]

27

20

AUXI{Qs 11 =DERYL])
15W=13
6N T0 104G

CNMPUTATION OF TEST VALUF DELT
NELT=0,C

RA 1A T=1,N01M
NELT=NELT+AUX{ 150 [ 1#ABSIY ([ §1=AUX 4y ] ]}
NELT=4066666667*DELT
IFANELT=P3%T(4))19,10417
TFUTHLF=-12)11+18418

NO SATISFACTORY ACCURACY AFTER 1L BISECTION>., ERROR MESSAGE.
THLF=11

X=X+H

GO TO 4

THERF JS SATISFACTORY ACCURACY AFTER LFSS THAN 11 BISECTIONS,.
X=X+H

CALL FCT(XaYsNCRY)

TFLW,GT,1) RFTURN

N 20 1=1sNDIM

AUX{3¢1} (B8}

AUX{10s11=NERY I}

N=3

1SW=4

GO TO 100

N=1

Xz X4+H

FALL FCTUXKyYsDERYY
1F{MM,GT41}) RFTURN
XaPRMT (1}

N 727 I=1WNDIM
AUXT11e1Y=DERY ()

YUT)=AUX(T o[ #H®L ,3T5%AUX{B2T14.T7916666THAUXKIOs [} ~420833333%AUX(10

21 1+40416666TRDERY (11}
X=X+

N=N+1

CALL FCTIXsYsDERY)
TF{MM,GT41) RETURN
FALL NJITPUIXsYsNERY s THLF NN IM,PRMT
TFIPRMT(5) 1692496
TFiN=6)75,200s710

DO 26 1=19NDIM
AUXIN2TY=Y LT
AUXIN+T7»1)=DFRY{ )
TFIN=3)27429+200

DO 28 T=1+NDIM
NEL T=AUX(Qs ]} +AUX{QsT)
NELT=NFLT4PELT

YOU =AUXTT1 9114233333333 34HR (AUXIB 11 +DELT+AUXI1001)}

60 TO 23

NO 30 1=1sNDIM

NELT=AUX 19, 114AUXL104 1)

NELT=DELT+DELT4DELT

YO1Y=8UX() 91144375 #ustAUX(Re | 14NFLT+AUX(TL141Y)

an Tn 23

ERERERR S F AR B F AR B R S AR BN R S AR AR R AR RN AR AR R RN R EEERA NN
TWF FOLLOWING PART OF SURRQUTINE DHPCG COMPUTES BY MEANS OF
RUNGF—EUTTA MFTHON STARTING VALUES FOR THE NOT SELF-STARTING
PRFN[CTOR-CORRFCTOR MRETHODR.

AN 101 T=1.ND1Y

7=HRAURIN+T 1)

AUX(5y1}=2

YOI =X N 140442

2 1S AN AUXTLITARY STORAGF LOCHTION

g xtpuaddy
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2=X+04%2
CALL FCT(ZsYsDERY)
IF{MM,GTa1) RETURN
DO 102 I=1sNDIM
2eH¥DERY (1}
AUX{6r11=2
102 YUII=AUX(N» 114429697761 %AUX{591)+.15B875964%2

Z=X4,45573725%H
CALL FCT(ZsY»DERY)
IF{MM.GT 41} RETURN
DO 103 I=1sNDIM
Z=H#DERY (1}
AUX{Ts1)wZ
103 YUI)=AUX(N»1)+.21810039%AUX(5+511-3.05095515%AUX(6s1143.83286476%2

Z=X4H
CALL FCT(ZsYsDERY)
TF{MM,GTe1) RETURN
DO 104 1=13NDIM
106 YUT)=AUXINST)+41747602B%AUK(5+1)-45514B066%AUX(6911+1420553560%
1AUXI751)+417118478=HEDERY (1)
GO TO(9+13915021) »I5W
EI2 22X RRR *

FRRERRBREARAA SR B RN

POSSIBLE BREAK-POINT FOR LINKAGE

STARTING VALUES ARE COMPUTED.

NOW START HAMMINGS MODIFIED PREDTCTOR~CORRECTOR METHOD.
200 T1S5TFP=3
201 1F{N-81204+202+204

N=8 CAUSES THFE ROWS OF AUX TO CHANGE THEIR STORAGE LOCATIONS
202 DO 203 N=2+7

DO 203 [=1sNDIM

AUXIN=1+11=AUXINS 1)
203 AUX{N+6+11=AUXIN+7s 1)

N=7

N LESS THAN 8 CAUSES N+1 TO GET N
204 N=N+1

COMPUTATION OF NEXT VECTOR Y

DD 205 I=1sNDIM
AUXIN=1s1)=Y{T)

205 AUX{N+6+1)=DERYL])
XxX+4H

206 ISTEP=ISTEP+]

DO 207 1=1sNDIM

DELT=AUX(N=8+1)41¢33333333#H% {AUXIN+6+ 1) +AUXIN+6 1) ~AUXIN+5, 1) +AUX

1(R+4s T} +AUXIN+49]))

YU1}=DELT~+925619834AUX{16+])

AUX(16+1)=DELT

PREDICTOR IS NOW GENERATED IN ROW 16 OF AUX»s MODIFIED PREDICTOR

1S GFNERATED IN Y. DELT MEANS AN AUXILIARY STORAGE.

20

-~

CALL FCT{XesYsDERY)
IF(MM.GTe1} RETURN
DERIVATIVE OF MODIFIED PREDICTOR 15 GENERATED IN DERY

DO 208 1=1sNDIM
DFLT=4125 #(9,008AUX[N~1s1)~AUX{N~3+])+3400%H* (DERY(1)+AUX(N+6s1)
1 +AUX{N+631)=AUXIN+5+111))
AUKT16s1)=AUX(16+1)=DELT
208 YU1)=NELT+407438016%AUX(144+1)

TEST WHETHER H MUST RE HALVED OR OQURLED
nELT=0,0
DD 209 [=1sNDIM

209 NELT=NELT+AUX{1S» 1) #ABS{AUX{16+1})

[aXal

S Ya¥al

[aXa¥Xa)

21
212
2113
214
215

216
217
219
219

220

221

223

224

TFINFLT=PRMT(41)2109222+222

H MUST NOT BE HALVEDa THAT MEANS Y(I) ARE GOODe
CALL FCTUX»YsDERY])

IF{MM.GT41) RETURN

CaLL OUTPIXsYsNERYs THLF sNDTMsPRMT)

IFIPRMT (5112122211212

TFITHLF=11121132125212

RETURN

IFie(X-PRMT(2)112165212+212

IF (ARSUX=PRMTI(2))=4]1 #ARS(H))212+2152215
TFINFELT=402 #PRMT14))1216+2161+201

H COULD BE DOUBLED IF ALL NECESSARY PRECEDING VALUES ARE
AVAILABLE

TFUIHLF) 20192019217

IFIN=7)201,218,218

IFLISTEP=4)20142199219

IMON=]STEP/2

IFLISTFP=1MON=1MON) 20112201201

HzHey

THLF=THLF=-]1

15TFP=0

DO 221 I=1sNDIM

AUXIN=1»1
AUXIN=291
AUX{N~351)=AUX(N=6+1)

AUX{N+63 ] )=AUX{N+551)

AUXIN+5+1)1=AUX{N+3,»T)

AUXIN+4y [} =AUXIN+1s 1)

PELT=AUXIN+6s T} +AUXIN+5 1)

NFLT=NELT+DELT+NELT
AUXI169T1=9,96296296% 1Y (])-AUX{N=351))=3¢36111112#H*(DERY{1)+DELT
T+AUX{N+4sT})

GO TC 201

H MUST BE WALVED

IHLF=THLF+1

IF{IHLF-101223+223»210

=e5%H

15TFD=0

N0 224 1=1sNDIM

Yi11242390625E=2# (B E1%AUXIN=-1311+135.00%AURIN=2+ 1 1444 E1¥AUK(N=341}
1+AUXIN=6sT1)1=2 1171875 #{AUK(N+651)1=56400%AUX(N+521)=AUXIN+&s1) ) 0K
AUXIN=43])=4390625E—2%1124,00%AUXIN=1+1}4135.00%AUX(N~2>1)¢+
110R8,00%4UX(Na3> T +AUXIN=-431))=s0224375 #{AUX{N+621)+
218,009AUXIN+5»T) =9 J0#AUX(N+4s ) ) #H

AUXIN=3sT1=AUX(N=2+1)

AUX{N+4»T)=AUXIN+5+ 1)

X=zX-H

DFLT=X={H+H)

CALL FCTUDELT»Y+DERY)

TF({MM.GT41) RETURN

nO 225 I=1.NDIM

AUXIN=21)=Y(1)

BUXIN+5+1)=NERY (I}

YUI)=AUX(N-&s1)

DELT=DFELT=(H4H)

CALL FCT(DELT»YeDERY)

1F(MM.GT41) RETURN

DO 226 I=1+NDiM

NELT=AUXI(N+Ss 1) +AUXIN+4s 1)

NFLT=NELT+NELT+DELT

AUXT16211=R (96296296 LAUXIN=-1»1}=Y{T1)1=343611 111 15H® [AUX(N+651)4+

INELT4RFRY (1)) >
226 AUX(N#+3s1)=nFRYIT) B
ano1n 208 2
Fup £

w
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PROGRAM FOR DETERMINING THE SURFACE AND FLOW FIELD PRESSURE DISTRI
RUTIONS FOR FRFF STEAM MACH NUMBER M AROVE THF UPPER CIITICAL ON
NONLTFTING BODIES OF REVOLUTION HAVING ORDINATES R PROFCRTIONAL
TN X=-X¥%N OR ]=X={]-X)¥#N RY USING THF vETHNM QF LOCAL LINFARI[ZA~
TION~-FOR REFFREMCE SEf SPRLITER»JeRs AND ALKSNEsA.YssNASA TR-R2

REREBE RN R RN F R R RPN R R AR NP AR AR AP R R AR PR AR BT F AR R E PR B AR BB REREA IR AN HR R RN
THE INPUT DATA FOR THIS PROGRAY¥ ARE ALL REAL CONSTANTS AlD ARE [N-
PUTTED ON ONE CARD AS FOLLOWS
COLUMNS 1 T2 10-=FREE STREAM MACH NUMHER
COLUMNS 11 TO 70--LOCATION AS FRACTION OF BODY LENGTH (X/L) OF
POSITION OF MAXIMUM BODY THICKMESS
COLUMNS 21 T9 20--FINENESS RATID OF 30DY
COLUMNS 31 TO 40=—INTERVAL SI2f A% FRACTION OF 89DY LENGTH FOP
PRFSSURE DISTRIBUTION PRINT-OUT
COLUMNS 41 TO 50--~1NDEX FOR FLOW FIELN PRINT-QUT*##INDFX EQUAL TO
OR LFSS THAN 0,0 FOR NO FLOW FIELD CALCULATION AND GREATZIR THAN
040 FOR FLOW FIELD CALCULATION

ARG RERER AR AR E R R AR R R FR R FRE AR B RR AR AR RR R AR RRP R LB FRBRERA T RS BRRRRRY

AANNAANIANANNAANAATRANANNANN

MAIN PROGRAM

REAL M

DIMENSION DPRMT{51sDY(1)+DDERY(1)+DAUXI16+1)

NIMFNSTON XMTKS(19)sDNEXP(191+0I5T(19)

EXTFRNAL FCTsOUTP

COMMNN /A7 N1MNK

COMMON /B/ MM

COMMON /C/ DCTAU2sDN

COMMON /F/ DZS

COMMON /L/ K

COMMON /P/ DC

COMMON /MRMC/ DWRTEsDMRMsFLWFLD

DATA XMTKS/0e05+410961520204425%e301¢351640+44590509455146094659

1 07016751eB801485+4905495/

PATA DNEXP/BBaT7319344649s13.173112421598439596404404.482+34389
20595924092e59913038Y0446H2164066980399124215+419.173,
3446499884,731/

NATA NZST/040077126+0.019182+0,03357350,050724+0407056450.0%3097

1 Je11A356+0414640690417734790421132590427231C»04337355»
2 0,406294104479059904555659+04636159+0,72067210,800353»
3 04902386/

10 RFAD (59200) MeXMT3FsDXsFLWFLD
200 FORMAT (5F10.51
WRITE (6+600)
IF(XMT.GEalesOReXMToLE4Oe} GO TO 303
IF(FeLT40s) GO TO 304
TF{MsLTale) GO TO 306
IF{DXeLEsOesOR4DXaGTule) GO TO 307
DMM=DX
DM=M
GAMMA=1,4
K=l
IF (XMT.6T40.%) K=0
DO 913 I=1s19
Jxl-1
TF{XMTKS(1)=XMT) 91399149951
913 CONTINUE
914 DN=DNEXP(1)
D251=pZST{I}
GO TO 950
98] IF {1,E0.1) GO TO 914
DN=PNEXP{J)+ (NNEXPIT}=NNEXPLJ) )}/ {XMTKS[1)=XMTKS(J) ) *# ([ XMT~XMTKS(J})
NZS1=N2STI 1 +{NZSTITI=N2ST (I /{XMTIKSIT)=XMTYSEJ) )% (XMT=XMTKSIJ)}
950 CONTINUE
AzXmT
TFIXMT LT ,6%) Azl,=XMT
NIT=0
DN1=DN-1,
NIT=NIT+1
IFINIT.GTL20) GO TO &

-

[a¥a)

10

92

9?
10

a
10

K}
11

1

2

AN1zA®DN]
«=DN#*AN1
ANI¥(DN*ALOG(AI+1e)
DNFWN=NN=~{DNUM/NFNOM)
ERR=ARS{DN/INLAN-14}
NN=NNFWN
1IFIFRR.AT.1eF=4) GO TO 5
GO Tn 8
6 WRITE (6+7)
7 FORMAT (4X49HEXECUTION TERMINATED BECAUSC LXPONENT N CANNOT BE/5X
14GHNDETERMINED TO WITHIM 401 PERCENT [N 20 ITERATIONS)
G0 T0 10
B8 MM=)
NC=(DN#R(NN/(DN=100) )1 /{NDN-1.00}
NTAU=14/F
NCTaU=DCANTAU
DCTAU2=NCTAU*NCTAU
NZ0=14E-2
DZF=99,.,6-2
DIM=NMENM=1,
DK=DMRDME2.4

CALCULATION OF THE PQOINT WHERE S-=(X} = Q

N=1

NZ5=NZS$1-DS52P1(D2S11/DS3PI(DZS])

TF(ARSINZS-NZS11alTel+E~6) GO TO 3

NZS51=nZS

N=N+]

IFINGGT«11) GO TO 2

GO To 1

2 WRITE (6+100)

0 FORMAT {1HO»4XSSHEXECUTION TFRMINATED RECAUSE S=~{X) = 0 POINT CAN
INOT RF /SXSTHDETERMINED TO WITHIN SUFFICIENT ACCURACY IN 10 ITERAT
210NS)

START OF INTEGRATION PROCEDURE

-

WRITF (64801}

WRITF (696021 XMT

WRITF (69603) F

WRITF (6+60a) DN

WRITF (69605) DZS

WRITF (616061 GAMMA

WRITF (69607) ™

DMRM=0,0

IF (NDMM=0,001} 92099205921

DWRTE=DZS/DMM + 1.0

MRM=DWRTE

NWRTE=MRM

DWRTE=DWRTE#DMM + ,001

DMRM= =DMM

0 CONTINUE
WRITF (69101}

1 FORMAT (1HOs44HSTART OF INTEGRATION FROM S~=(X) = 0 TO NOSE//)
IF (FLWFLD) 30+30,31

0 WRITF (6+102)

2 FORMAT {5Xs1HX» TX8HCP(BODY}/ /)
GO To 32

1 WRITE (6+112)

2 FORMAT (5X»1HX»TYXBHCP(BODY 1 +5X6HCPU1D) 96X6HCP (2D} 2v6Xs6HCP(3DY s

1 EXEHCP 4D 9 6X6HCP (5D ) s 6X6HCPI6D) 1 6XE6HCP (TD) 9 6X6HCP(8D)Y/ /)
? CONTINUE

DY{1)=0.

DOFRY (1) =14
DPRMT(11=DZ5
NPRMT(2)=D20
4 DPRMT(3)=~1,0F~7
DPRMTI4IE1.E=-6
NDIm=z]
CALL NHPCGINPRMT DY s DDERY sNDIMo IHLFsFCToQUTP s DAUX)
IF{IHLF«GT410) GO 10 10
IF{MM,GT41) GN TO 10

g xrpusddy
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NYt1)=0,
DDERY{1}=].
NPRMT(1)sDZS
DPRMT(2)=DZF
NPRMT(3)21,0E-13
OPRMT {4} x14E~6
NDIM=x]
IF (DMRM(EQ«0s0) GO TO 922
MRM=MRM=1
DWRTE=MRM
DWRTEaDWRTE#DMM
DMRMzDMM
922 CONTINUE
WRITE(6»103)
107 FORMAT (1HO+44HSTART OF INTEGRATION FROM S--{X) = 0 TO TAiL//)
IF (FLWFLD) 4044041
40 WRITE (64102}
GO TO &2
41 WRITE 1619112)
42 CONTINUE
CALL DHPCG{DPRMT DY sDDERY sNDIMs IHLFsFCTsOUTP +DAUX)
GO TO 10
600 FORMAT {1H1+335X61HCALCULATION OF SURFACE AND FLOW FIELD PRESSURE
1DISTRIBUTIONS / 36X65HFOR PURELY SUPERSONIC FLOW ABOUT A NONLIFTIN
2G BODY OF REVOLUTION /7 36X5BHHAVING ORDINATES R PROPORTIONAL TO X=
3X##N OR 1=X=[1-X)}#*#N / 35X42HBY USING THE METHQOD OF LOCAL LINEARIZ
4ATION 777}
601 FORMAT (1H »49HBODY OF REVOLUTION AND FLOW FIELD CHARACTERISTICS//

1)
602 FORMAT 1H »29HBODY MAX. THICKNESS AT X/L = »3X»EL12.5})
603 FORMAT (1H »19HFINENESS RATIO F = +13X3sE1245}
604 FORMAT [1H +32HEXPONENT N FOR BODY ORDINATES = +E1245)
608 FORMAT [1H »20HS=={X) = 0 AT X/L z »12XsE1245)
606 FORMAT (1H +26HRATIO OF SPECIFIC HEATS = #6XsE12.5)
607 FORMAT (1H +2BHFREE STREAM MACH NUMBER M = »4XsE12.5)
303 WRITE (65400)
400 FORMAT {1HOs42HXMT MYST BE GREATER THAN O AND LESS THAN 1)
G0 TO 10
304 WRITE 18401)
401 FORMAT (1HO»&2HFINENESS RATIO F MUST BE GREATER THAN Z2ERQ}
G0 T0 10
106 WRITE 165402)
402 FORMAT(/100HFREE STREAM MACH NUMBER MUST BE GREATER THAN THE UPPER
1CRITICAL MACH NUMBER WHICH 1S GREATER THAN 1 )
GO TO 10
307 WRITE (63403)
403 FORMAT (/89H INTERVAL SIZE FOR PRESSURE DISTRIBUTION PRINT-QUT MuS
1T BE GREATER THAN 0 AND LESS THAN 1 )
GD TO 10
END

SUBROUTINE FCTIDXsDY,DZ)

DIMENSION DY(1}sDZ{1}

COMMON /A/ D1MsDK

COMMON /87 MM

COMMON /E/ DHF

COMMON /F/ DZS

DA=DSPI{DX)

DA2x=DS2P1(DX)

DA32DS3P1(DX)

DHF8DA2*#ALOGIDA/ (DX#DX))+2 002D INT{DX)
DUU=D1M+DK* (DY (1)} +DHF)

IF (DUU) 2291

DZ(1)=DA3*ALOG{DULY

RETURN

2 MM=2

WRITE (&» 700) DX

FORMAT [1HO»42HLOG ARGUMENT [MM-14KU) 1S NEGATIVE AT X = sE12.5)
TF(NX=D2S} 3sdrh

70

o

3 WRITE (65701}
701 FORMAT L1H »69HPROGRAM TERMINATED BECAUSE INPUT MACH NUMBER LESS T
1HAN UPPER CRITICAL)
4 RETURN
END

TN TS AUTRINXsNY S NIFRY s 1L T 9 MCIMs " RPUT)
SLCFNLIAS NY 1) ,NDEBY L] ) sDPRUT(S)
TICFRSION DCPF8)
Lobabb it la L UNWA Va1
NN v C/ NHRTF s DYRASFLWFLY
R I=2Y (1) +DEF
ROP==) ,AranlJ=RENINX)
T (THLF.5T.10) 40 To 10
IF INYWLFaNe0l o0Rs DX, OFgh,08) GO TO 20
15 (AuRv) 50426460
BN IE (NXnT,NERTT) RFTURY
&N Th 20
£0 IF (NX. LT D%RTIF) RETURM
20 1F (FLWFLN) 30,3031
A aRITE (591211 NXs0CP
S0 TD 3
21 N1=-2.0%0U

N23-44¥D52P1{NX)

R4=NRRALI X}

1T Is198

~as]

~a=nARng

NEPFLTI=01402/7(NA#NT 1 +N3RALOS( ™)

WRTTF {£+101) NDXsDCPINCOF

101 FORMAT (1XsF84591X1PEL1atislAsa01XIPELL0))

42 COINTINUE
NRTE=NERTE 4 RN
TFTURY

17 RITF (69190)

107 EoReAT (1M 744 INTFSRATION TFRVINATED SECAUSE ACCUMULATED ERRORS H
TAVE CAUSF™ INTFGRATICM /1XS5HS5UURNUTINE TO RISECT ORIGINAL STEP St
7T (.'\/\]) 1n T]urs )

SN TA 2
BT

~

FUNCTION DINT(DZ)
EXTERNAL DFUN

COMMON /G/ DWsDA2
Dw=n2Z

DA2=DS2P1(DZ)

NIT=i0

DTOL=14E-6

CALL SIMP{0s00sDZsNITHNIT1+sDTOLIDFUN+DANS}
IFINIT14€Q40) GO TO 20
DINT=DANS

RETURN

20 WRITE{6921}

?1 FORMAT (1HO0»2X»45HPROGRAM HAS TERMINATED BECAUSE THE FRACTIONAL/3X
1s L7HERROR BETWEEN TWO SUCCESSIVE INTEGRALS OF DFUN /3Xs45HIS LARG
2ER THAN THE SPECIFIED TOLERANCE {(DTOL)/3X» &4OHFOR THE GIVEN NUMBE
3R OF ITERATIONS (NIT})

WRITE (64+22) DZ

22 FORMAT (1M #15Xs&4HX = sEl&4e7)
WRITE (6+23) DTOL

23 ;?S:AT {1H +5X»29HFRACTIONAL ITERATIVE ERROR = +3XsEl4.7)
END

g xypuaddy
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FUNCTION DFUNINZ) <EpAUT INE SIMDIPXL +NXUsNIToNIT1sPTOL s FUNSDANS
Couuny 167 mwana2 ELT};iS DXL/ 2
< - ' - TH= - ’ .
rﬁ;;:;é;%@?:hr.l e ASUM) =FUN DXL ) +FUNTDXU)
NFUN=(DA2-DR2) /{DW=NZ) ASUMI =FUN (DXL +NH)
RETURN NANS=NHE (NEUM1+4 4 00RN5UM2 1/ 30
20 DFUN=DS3P1(DW} h=2
RETURN N 1 I=1NIT
END NANS]1=DANZ
N=N#2
NH=DH/ 2,
N5UM3=0,
NL iM=N=]
FUNCTION DSPi(D2) N0 2 K=1sNLIMs?
COMMON /C/ DCTAU2+DN nK=x
COMMON /L7 K 2 NSUM3=DSUMI+FUNIDXL+DH¥*DK )
IF(x,GT.0) GO TO 7 DANSSNHY {NSUM] +7400%DSUM246.00¥TSUM3) /3,
DS1aNZ-DZ*##DN NFRR=(NDANS=DANST)
1 NSPI=nCTAU23NS51%NS1/16, TF1ABSIDERRI4LF4DTOL) PETURS
RFTURN 1 DSUM2=DSUM2+DSUM3
2 N51=1400~N2-11.00-DZ)**2N DTOL=DERR
GO TO 1 NIT1=0
END RFTURN
END
FUNCTION DS2PIIDZ)
COMMON /C/ DCTAU2ON FUNCTION DRRBIDZ)
COMMON /L/ K COMMON /C/ OCTAU2sDN
1FiK4GT40) GO TO 2 COMMON /L/ K
NS1anZe® (NN=14) COMMON /P/ DC
1 NS2e1=NCTAU?% [ 1,00=NN*#NS]#{DN+1e00=(2400%#0N=1,00)%DS5S1))/84 1F (K.GT40} GO TO 2
]F TURN DA=DC¥* (DC=DZ**DN)
2 DS1=(1.00-DZy**{DN-1.00) 1 DRRB=2./DA
60 TO 1 RETURN
FND 7 DA=DC*(14=DZ-{14=DZ)**DN)
GO To 1
END
FUNCTION DS53PI(D2)
COMMON /C/ DCTAUZ»DN
COMMON /L/ K LA 1 ENE NEDeG 00 R T Tt VI TE AN
éﬂ'ﬁaﬁ‘::?éﬁ?.ég,? < I:L'E;:?? RS ;:41\I:;[DESFSJ\'M:NPVE%éOMTUSED A1TH
y -F LA ALC.
DS3P1={NCTAUZ¥DN*{DN=14001#%DS12 (~DN=1400+2400%(2+00%DN-1400) %051 - Tar cuRFar 2 e _ix;,f,,!,-(’.zm\ S(;RCEEEELQTA??,. MACH
1;2%“5' - NMREET SELA. 1CiL O NOLLIFTEah AODIES CF REVOLULTION
r LAVIE S ARt B ~ et —im{ 1~ .
2 NS1=11400-DZ ) %% (DN-2400) - fnr e g A Ot

DSIPIn{DCTAUZ#DN*IDN=1,00)*DS1# {DN+1.00=2+D0%(2,00#DN-100)#DS1*
1(1.00~DZ)131/8,4

RFTURN

END

FUNCTION DRSQ{NZ)
COMMON /C/ DCTAU2sDN
COMMON /L7 X
1FIKaGT«0) GO TO ?
DS1=D2Z#*(DN~1.00)
D52=1400-DN#D51

1 DRSQ=DCTAU2+DS2*DS2/4.
PFTURN

2 NS1el1.,00-DZ1#+#{NN=-1,001
NG2==1.70+NN#NS]
GO TH
END

g xtpusddy
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PROGRAM FCR DFFEVIA]"S ThT SUSEACZF 207 FLO.L FIEL 2% TiRe.TION
FOO FRPEE STRTA™ a(0H Ch 4T PEAT Mt NOLLEFET oF
REVALUTIAY HAVING 079t A s P STIOMAL TN d-vert f D TaXa[]=n)Ear
ay NSING THF METHDT OF (JCAL LT B 31Z2aT] " =wrls  vE” [ LA
SPPEJTFE 4 Jo® At ALFSHF, %, Y,y RAGA TO=D2

L L L R R e TR L IR T v [
THE I4PoT 2ATA FOR THIS PROOR-Y »RE ALL 2i2L Conals 7o Al LRE L=

BUTTEN N ONE 23D AS FILLOWS
COLUMAS 1 17 17==rFRCF ,T238 - -
COLUMNS 11 TO 21--LO0CATIZN 25 F
PASITION AF 4AXI*tyt BOSY T-ICKT
COLURNS 21 TO 30=-FHI*FRS AT] OF =Chy

COLUMMS 3] TC 4an-—~INTERVAL SOFRACTION R - LAV R W
PRTSSUSE N[STR]
caLyss 641 T4 &
OR LFSS THAYN 0,0 FrP AG FL™
0,0 FOR FLOx FICLD C3L7[L.-T]O"

EERTRRY-H)
SCTIC CF bllY Lo’ - LA/L) UF

AN FRUGRA

ROALBLF PRECISIAN DPRHT DY SNUERY s 2Ly

NOURLE PRECISTION DVadKs 1Rl wuc- 2LesaDU] sl
POUALF PRECISINY DX11a72I20 . LJlsTUL2+00T
DOURLFE PRECISINN DAsNAL 229 " 2000 43DAS
ININZ e~ 1M34N5P [aNSIPT#NS20157 52P 4 NS4LPT
NAUALFE BIECISIAY DUsZIaTam 1 sn21sn3 s UT1s™
NAURLE PRECISTNAN D21s02CM 4147311,
ANJRLE PRECISION N3190al9727 47411404
NAUALE DRECESINN "419N5[9n5] 19 4C
MOURLF PRECISINN BX1siHFeD5L D2 s BA3sDXGy L INT]Y
HOURLF PRECISINM 135+ 1S4 1290729011071 0"
1DIFL " IF5

NOUALE PRECISINN DO T ToRF o219 DTAUWNLOSEIF s "7 0
DOURLF PRECISINM D%1,DF1

DOURLFE PRECISION DMUMIHNIY "Se2%L 4

NOUBLF PRECISION XMToFsNubty DX oGhs 28 aAyD 112"
IDFNNMy AN 9 E WS €D, 0 TF 402 LFLY
PIMENSION NPRIMTI8)yDY L1 ) o NIRRT I} s TAK (167}
NIMENSTAY XMTYSE10) 9 MFXP(1a) 3P uT (19}
FXTERNAL FCTsaUTR

COMMON /A7 PN PTe™1 3F270 ™0 v Ul uZe”™ 904, 5

CO'MON 7B/

TALTAR
AC7 DCTAUZ s 2Ma2E

COVMON /57 NX119D81290001 8000l

COMMON /F/ DVDV3

o SRS PTOL

CO¥MON /L7 2

CAMMOM /P7 N
FAviaN Jrmis s BEBTE DS B G F LT

NATA XMTH S/ 04l 1a150420947% 1001?83 4blsedira™ 00 P rabl 3465y

1 «705475948
NATA NNEXD/83,473193b4n4 .2k
1 245959242224575

2LaC4998ELT2L/
SATe NZIT/L,00TTI260L.0010
1 0el18356904 106805204177
> PR R T T e e
veR027EE/
17 DELN [Ba1 1) MrgXUTaFa~ < oFL FL"
170 FORMAT 18715,.5!
wRITE 1£4607)
600 EARMAT (119252 6]1CALC LT
118TRIRUTINN
2 A NONLIFTING S36X8TH
ALOVAL TN X-xEe /UL A5E- ’
al. LINFEREZATICY /773
TFIXTa FalaaMPex " Tal 70 ey -~ 77 772
IF(FeTavey 03 TL 330

TRINY L7 a7 e 2P a2 %e™Tyla} 23 T2 377
rx

16 RT3 T,7.58) <=1

Nt Rl 121,19

J=i-1

1e (xaTebly=XT) "1a47° 4408
c1a

are

"% OTC €1a
DN IYNEXEL Y =N EX 2 U A UKTRE A T b= XMTKS (DY ) R (X T=XMTKS{J) )
THOP 2T =" 05T b7 XM TR S L haXMTES () ) # (XMT=XMTKS(J} )

TREXMT o To g8 f=]e=XH4T
NpTs

Fylzfve:

n

I Te o6

$OLOZ A} +] e

IDEND'Y

INAD e 1T )
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(647
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Fr_fULTIAY AT TUE oalNT 4WERF semlX) = O

RERES VAL S YAV
SLo=TlS1 e LT

wTtuZol)
=12} wv TO 3

STInn TERUINZTED ®LCAUSE S~=(X) = 0 POINT CAM
T v 1Tuid SUFFICIERT ACCURACY IN 10 ITERAT
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r CALCULATION OF AFEA AND BEIVATIVES OF 4Pk AT Xo

& NASNSDTINZS)
~Al1=D51P I {7ib}
NAZ=N32P T (0251
nA3=NS2DT("ZS)
Na&G=N54P1(NZ5])
NAR=NSAD [ (3251
nag="SER [ INZS)
NAT=NSTPINLS)
RAYI=NLOGIN1ANA/NLY)
DIN=NAL/DA
DAN=DA3/DA
nGN=AL/DA
JIN2=N1N#TLY
NIEAzN]NENIND
NIE6=NINTINZS5=5,D0%NH)
ARa=NIHTINZS=4 o 3¥NH)
NIR3I=NINTINZS=14)0%"H)
NIR2=NINTINZS=74D0*DH)
AT =PINTINZS=OY)
PiBO=NINTINZS)
DIF1=NINTINZS+7H)

IRTERZ542 JDOENHY

INTIDZS+3eDCHDH)

NIFH=NINTINZS+44DI*DHY

NIFe=NIYTINZS+5.D0*NH}

CALFULATINY OF INITJAL VALLE OF U

A¥aNal

NU==N1M+NINTINZS)

CALCULATION OF THE 1ST DERIVATIVE OF U

Ann

N1i=l653C*(D1F1=DIRY)~Se"C*(D1r2=D1 Z1+NIFA="1F21/ 160650
$J1=540~1
Nx]
13 AUL1=PUL=DUI*{DU1-DA3*{ :0GIDUT 1+DAM1=D1 1)/ [LU1-A3)
JF {DABSIDULILI-NUIIWLTale>=-10) GO TO 14
nUI=nNUIL
N=N+1
1F(NGGTL11) 5D TC 200
G0 To 17
16 nJ1=nU11
N0 WRITF {£,104)
ioa FORMAT (1HO» &4XT3IHPROGRAT TERVIaaTES -iCiUss INITIAL JzRIVATIVE OF
1 U AT 5-c(X) = 0 REQUITED /5X681FGR TAYLOR SFRICu START AT THAT PO
21MT CANNOT EE DETERMINF™ TO WITHI* /5X36-45UFFICIINT ACCORACY [N 1T
2 ITERATIONS)
IF(N.GT411) 60 TC 10

r CALFULATION NF THE [NITIAL 200 . RIVATIVE OF U

07121400 POINTAN42 T ROH(N[F14 (0] )=2 7 NOFITIFI4DI72 142008 (D]F 34
IPIP2} )/ L1R2NDENHENY)Y

NA31=DAZ/DUL

NA™I="A LS (MU

RUZ= (NLasRa]1+2SORTATH IS 4R (14" «=DA31 12420/ "Z3) 42211/ 1100024000
1#DA?1}

AR

E¥akal

>
CA_SGLTTINY O T 1 iAol e Pl T OF o E
2
B e L T P B P N e BRI IS LR L DR £
LTS )
PRNAmOn L) LT, e S T T -
AT omer a0 N DEN R RN

ar o Tn o jle
117 =" T=r,n”
116 "21=Nh3/70le R
P RS F ik RS N WY A
“nuy=sialta
N =] WL L= e D0 AN LET L)
A0 22DFTEN?TENIND4Y GO0/ IRLLEN L)
N2 {NALERAIN] 4 NLENELENIC 3, D0

A5{D3C1=,3111+7311/11480-3.D0%

17821}
crLmULATIAn O Twr 1 TLAL &TH TSRIVATIVE OF U
AN R (T T NOHR AN R T (BRI E AT [V] 140 TE ORI MR 2)-06400%
1ES1E24NT 21274 (T[R4t (R4
: Tele™=1"}) © 17 11w
s e )
118 "4 o0
119 231=pu3/lil=-2311
rRC=N21403C]
PEI Tz (BINRINAG=TDOETAGEN] 14D R (64 DUADATI*D1H240A3) ) /Cel
Faf == NI ¥DATXN28T 2142008 (D] # 831472042 00% 102-0. 20/ {DDLS*43)
AN ARTAN L TORN I R D04 JIE NG ENICL, 103 ST =5411404C) 4D ]
LR A S I A L S A B
cALANLATIST OF THE [T ITIAL 5Te ERIVATIVFE OF U

PeUE 2 (1938,N08 (NIF]-NTi1)=1872NO% [N IF?=n]2214753, 0% (D]F3-DIR3)
1-152.N08 (NTFa= 1561413, G0 [FE=2TF5))
TFARAESIRNUMSY oL Tadlan=12) O7 1% 120
NS T=NMITE/ (78R 4N0% ( “HEXE )}
~0 10 121

129 N81=2040

191 NET (N INE{AAR=4 s NIERARENT M) 46  TORDALSDT N4 (D342 4 DT #17)

TV # (440D
VENAL=T T, O ENATENTT) ) /DU

S(NATEDAY]H5 (NCRNARY 21067 LFNAERDICH]1NICHDAGRLLC+54DORDAZY
T{=N8]1=44N0%NA ENZ1+]1 2 usDI]#D 1202 ]1~3 NPT 1#D31=64DCH(C2]1%#%4)+
Pratiet JNCATINENIN=E L EDIN2+6 DO/ {DLL¥ %4} ) +D5T) /7 (14D0-540*DA3T)
PTRL=147-8

START ofF IMTT4RATICY PROCFDJRE
¢RITF (£999)

00 FABMAT [JH"»44USTADT IF INTIAE2ATINN FROY Sem(X)
TFIFLYFLT) 609hTsk1

WEITF 159107}

2 EA2vaT [5Xs1HX s 10Xy RHCPR(ANNY Y/ /)

M Te 62

K1 ATTTE teell™y

1N ENUAT [THO»SX s THY 9N X s D LAANY Yo TAvEHCO (I 96X sGHCP {27 ) 96X 06HCF (3
IrY A X 6HIP (L) O XsB1I-CPUIS ) e X960 CPIEL) 96X 26MIBIT ) 96AVEFCPIBDY/ /)

€2 CONTINUC
ARREDIY
TRFRY (1)

= 0 TO KOSE  7/)
e
an

TPInT L) el N=E

vy

Vel 2 inLFaFCTe0u R SuA)

770 LI1TE (£95R)

as FCRT (1094605 TAST OF INT 50000 PR o==th) = 0 1u TAIL/Z)
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7

72
21

922
21

28
29

40

'y

-

10

20

>

509

510

4

~

4

Y

303
400

204
401

ant
403

601

602
603
604
505
L11
607

IFIFLAFLDY 7097%27]

YTE (691C2)

GO 1O 72

WOITF (651C3)

oMY TMYE

NPIMTL]1)=nLS

NPRMT[2) =N2F

nY(})aDy

IF{NMR14EN.0e) GO TO 922

MRM=MRM-]

DWRTE=MRM

PWRTE=DWRTE#DMw

DMRM=NMM

CONTINUVE

DPRMT(31x1lN=3

NPRMT{4)x1.D=6

PDFRY(11m14D0

NDIMz]

CALL DHPCGIDPRMT DY sODERY »NOIMe IHLFsFCTH0UTRPINAUX)
IFUIHLF.GT.10) GO TO 10

TFIMMeEQe2) GO TO 29

1FtMM,EQe3) GO TO 30

GO TO 10

DY!11)=DV

OPRMT(1}=DV3

MM=1]

IF{FLWFLD) 40940941

WRITE (64102}

GO TO 27

WRITF (65103)

GO 10 27

OSL=IDpX]12~DX11)/(DUUL=-DUU2)

NSHaNHSL® {DUU2+N2M)

DX3=DX12+DSH

DX4n2,DORDX3-DX12

WRITE(6+205)

FORMAT{1HO»27HSTART OF SUBSONIC CALCULATION)

WRITE (69509) DX3

FORMAT {1HO»35HLOG ARGUMENT (M®M-1+KU) = 0 AT X = »D12.5)
WRITE (65510} DX4&

FORMAT {1HO»35HSUBSONIC CALCULATINN REGINS AT X = yD12.5)
DY (1 )2=DUU2=DS2P ] (DX4 1 #0LOGIRSPIINX4) /{DX4*(1.00=-DX4) ) 1=TINTIDX4}
1=DINT1{DX4)=2¢NO#D2M

NPRMT (1) =DX4

MM= |

IFLFLWFLD) 42942943

WRITE (6+102)

GO TO 27

WRITE (6+103)

GO TO 27

WRITE (6+400)

FORMAT (1HO»42HXMT MUST BE GREATFR THAN 0 AND LESS THAN 1)
GO TO 1C

WRITF {6+401)

FORMAT (IHO»42HFINENESS RATIO F MUST RF GREATEP THAM (LFRO}
GO TO 10

WRITE {62407}

FORMAT (/B9H IMTERVAL SIZE FOR PRESSURE DISTRIBUTIOH PR{HT~0UT Us
1T PE GREATER THAN 0 AMD LESS ThRAL 1 )

GO T0 10

FORMAT (1H »49H90DY OF REVOLUTIuUn AMi) FLOW FIELU CHABACTERISTICSZ/
1)

FORMAT (1H +29HAODY MAX. THICKNLDS AT X/L = »3XsI12.5)
FORMAT [1H »19HFINENFSS RATIO 7 = »13X5£12.5)

FORMAT (1H »32HFXPONENT M FuR PudY OIMIMATES = +712.5)
FNRYAT [1H 92045e=tX) = 0 AT X/L = s12XsE1245)

FAPMAT [1H s?6HRATIO OF SPFCIFIC HFATS = »6X4F1245)
FORMAT (1H »2AHFREF STREANM MACH “UMAFR ¥ = 44KeS12,%)
FND

an

40

N

70

AN

»

10

UPRALTINE FCTINXeNY$NZ)
DOUALE PRECTIST™ DXyDYT2 DV IV DHF »DEF s DABS
POURLF PRECISTTIN DMseNK» 31 9D1.1aD214» D429 DUL 2 DU2 »DU3» DUL s DUS
NNURLF PRECISINY DAL1SsDAZIDAZNASLSPIDSIPIsN52P19DS3PE
NOURLE PRECISINM DEXPsDINT»DLOG»DUUSDV1sDV2sDZHDI INTsDIFFDINT]
COVEMOMN /A7 DMyNK D1 9D1MeD249D255DULeDU29DUI»DU4LDUS
NIMFNSIAM DY(1140D2(1)
COMMQN 7R/ AL
Crsnn JRays w
FaMunN JE/7 DVyNV3
€0ON /37 DHF »DEF
1EINARSINA-NIS) LE4SaN=3) (O TN 10
NA=NSPIIDX)
DA1=NSIPI (DX}
NAZ=NS52P 1 {DX1
DA3=DS3PI{DX}
IF (vaFfel) GO TO 1
IF{M,EN.2) GO TO 2
IF{MeEQe3) GO TO 3
TF(NX=DZS) 20527530
NZ 1Y 1=NALRNAZ/NA+DEXP LINY 1) +N2H=DINT{DX)1~DA2#DLOGIDI*DA/DX))/DA2)
RETURN
NUU=NR]IM+NK#NY [ ])
TFINUUY 20520940
DV1zNA/ {DXENX)
nV2=nIATiNX)
NZH=NA3RDLOG (DUURDV])4DA2# (DAL1/DA=24D0/DX1+2.DO*DY INTIDX)
DZ11)=DA1#DA2/NA+DEXPLIDY (1)+D2M-DV2=-DA2*DLOG(D1*DA/DX))/DA2)
NIFF=NZH=DZ{1)
IFINIFF) 6Cs60+50
RFTIIPY
M=2

2

WRITF [/9199)

FORWAT [1HO31HSTART OF SUPERSONIC CALCULATION)
WRITE [A/9200) DX

FNRYAT {1MOs 3THSUPFRSONIC CALCULATION STARTS AT X = 9D1245//)
AVZNY (11 =NAZ#DLNGLINV] 1=2.D08*DV2

rv3=ny

RETURM

NHF=NAZ#NLOGINAZ{DX#NX) 142 DO*DINT (DX)
NUU=D1M+DK#* (DY (1) +DHF)

IF{nUU) 8L+80+7C

NZ11)=NA3#DLOGINDUY)

RFTURN

M=

MM=1

RETURN
NFFaNA2#NLOGINA/L{DX®(]eN0=NX}) 1) +DINTIDX}I+DINT1{DX)
NUU==N1"=DK# (DY {131+DFF)
NZ{11=DA3*DLOGINUY)Y

RETURY

NZt1)aDUL+DU2# (NDX=DZS)+DUIR({DX=DZS)##2) /2.D0+DUL* [ (DX=DZ5)*#3)/
16eNN+NUSR((NX=NZS}#¥4) /24400

RETIRY

END

SIRDAUT[MF AUTP{NXyNY 4 DDERY s THLF s NDIM s DPRMT )

~NUALE PRFCISINN DA

AALIRLE DRECTISINAM NX3NY,NNERY 4y ARRMT DX 11sDX12sDUUL s HUU2

NAUBLF BRFCISTAY MHF, IFE sNEP IR LT QU

RAYRLE PRECISIAN NZS19m™A12"F19N1N29793+D49DCPBNCPF s DRREDS2P] s
nLen

NALRLE PRECTSTAN NHRTE JNRMSFL LFLN

PIVERMSION DY) sPDFRYEYIINPRYTLIS) ,DCPF(8)

RIALTAN!
AR /E/ NXTTaNXT124DL 9007
[ R VA N Y

q xrpuaddy
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CAINN 7007 RO T N FLGLFLY
[FITULF . ~Te10) GO TN )
TE(ugEn,2) B0 T 3

21 IFInHRY) 62,320440

R0 TEINX T ,AARTF) PETLIDM
a0 TN 20

AD TFINXeLTNWITF) RETURM

20 IF(M,F0.2) 6O T 10
1F F%e3) GO TO 11
cU=AYIL)

10 TF{FLYFLD) 3093031

an NCO== ., NC¥OL-DRSOIDXY
SRITE (54121) DXWDCP
60 T 32

2] Na-=2,.0nEny
N2=aNPRS5N{NX)
NAz~44DJ*DS2PTIDX)
N4=NRPR{NX)
NCP=N]+N2
20 7 1=i+8
na=1
NR=NA¥DS

7 NCPFITY=D1+MH2/ [DRAXDAI+NIXNLOGI D)
WRITF(A»1C1)DXsDCPyNCPF

101 FORMAT [1X3D124551X1PD11e&4s1XsREIXIPDI1L4A))

a2 7OMTIMUF

RWRTF=NWRTF+NMYRM

RFTURN

NU=NY (1) +NHF

»

GO TD 21

11 DU=DY(1)+DEF
GO TO 10

1 WREITE (69100}

100 FORMAT (1HO»7T4HINTEGRATION TERVINATED RECAUSE ACCUMULATED ERRORS H
1AVF CAUSEDN INTFGRATION /1XS55HSURROUTINE TO RISECT ORIGINAL STEP 51
2ZF (4001) 10 TIMES

I1F(MeFNe2) DUaNY 1Y) +DHF
~0 TO 20
ERD

FUNCTION DINT{02)

DOURLE PRECISTON DINTsDZsDFUNSDWsDA2sDTOL sDABS»DS2P19DANS
EXTERNAL DFUN

COMMON /G/ DWsDA2

COMMON /H/ DTOL

IF(DABS(DZ)eLTe14D=6) GO TO 25

pw=DZ

DA2xDS2P1(DZ)

NITa)O

CALL SIMP{0.DG+DZsNITsNIT14DTOL 1 DFUNIDANS)
IF(NIT1.EQ.0) GO TO 20

DINTaDANS

RETURN

20 WRITE(6921)

21 FORMAT (1HO»2%+45SHPROGRAM HAS TERMINATED BECAUSE THE FRACTIONAL/3X
1+ A7HERROR BETWEEN TWO SUCCESSIVE INTEGRALS OF DFUN /3X»45HIS LARG
2ER THAN THE SPECIFIED TOLERANCE (DTOL)/3X»> GOMFOR THE GIVEN NUMBE
3R OF TTERATIONS (N1T)}

WRITEI§+22) DZ
22 FORMATUIH »5Xs4HX = 3D24416)
WRITE (6923) DTOL

23 FORMAT {1H #5X»29HFRACTIONAL ITERATIVE ERROR = »3XsD24416}

stop

2% DINT=0.D0

RETURN
END

20
21

22
23

25

N

FUNCTION DINTI(D2)

DOURLE PRFCISION DINT1+DZsDFUNsDWeDA2+sDTOLsDABS1DS2PT9DANS

EXTERNAL DFUN

COMMON /G/ DWsDA2Z

COMMON /H/ pToL

TF{NABS(14D0-NZ}eLTe14D-6} GO TO 25

nw=n2

DA2=DS2P1(DZ)

NIT=10

CALL SIMP(1.D0+DZ+NITeNIT1+DTOL'DFUNIDANS)

IFINIT14EQ.0) GO TO 20

DINT1=DANS

RETURN

WRITF {6+21)

FNRMAT (1HO+2X3s45HPROGRAM HAS TERMINATED BECAUSE THE FRACTIONAL/3X
1+ 47HERROR BETWEEN TWO SUCCESSIVE INTEGRALS OF DFUN /3X+45H1S LARG
2ER THAN THE SPECIFIED TOLFRANCE (DTOL)/3X» 4OHFOR THE GIVEN NUMBE
3R OF [TERATIONS (NIT))

WRITE (6922) DZ
FORMAT (1H »5Xs&4HX = »D24e16)

WRITE (6923) DTOL

g xTpuaddy

FORMAT (1H »5X+29HFRACTIONAL ITERATIVE ERROR = »3X3D24,16)
STOP

DINT1204D0

RETURN

END

FUNCTION D1INT(DZ)

DOURLE PRECISION D1TINTsDZ+DHsDINT,DIB3sDIB2sDIB1sDIF1sDIF24DIF3
DH=1.D-3

DIB3=DINT(DZ-3.DO*DH}

DIB2=DINT(DZ~2.DO*DH}

D1B1=DINT(DZ~DH}

DIF1=DINT {DZ+DH)

DIF2=DINT{DZ+2.00%DH)

D1F3xDINT{DZ+3.D0%DH}
DYIINT=(454DO*(DIF1~DIB11~9.D0%(DIF2=-DIB2}+DIF3~DIB3)/(60+DO#DH)
RETURN

END

FUNCTION DFUNIDZ)

DOUBLE PRECISION DFUNsDZsDWsDA21DABSsDB2sDS2PTDS3P]
COMMON /G/ DWsDA2

IFIDARS(DZ-DW}4LTe1aD=6) GO TO 20

DR2=DS2P1(DZ}

DFUN=(DA2~DB2)}/(DW-DZ)

RETURN

DFUN=zDS3PI(DW}

RETURN

END

FUNCTION DRSQ(DZ)

DOUBLE PRECISION DCTAUZ3sDNsD2NsDRSQsDS51sDS2+DZ
COMMON /C/ DCTAU2+DN+D2N
COMMON /L/ K

IF (KeGTe0) GO TO 2
DS1=DZ#¥ [DN~1eDO)
DS2x1.D0-DN#DS]
DRSN=DCTAU2#DS2#DS2/44D0
RETURN
DS12(14D0-DZ)**{DN=1,D0}
DS2=-14D0+DN#DS])

GO 1o 1

END
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FUNCTION DSP1IDZ)
DOUBLE PRECISION DSPIsDZsDCTAUZ29DN#DS19D2N
COMMON /C/ DCTAUZs»DNsD2N
COMMON /L/ K
IFIKaGT40} GO TO 2
D51=D2~-D2Z#¥DN
DSPI=DCTAU2#D51#D51/164D0
RETURN
2 DS1=1,D0=DZ-{{1,00~DZ)##DN)
GO TO 1
END

fon

FUNCTION DSIPI(DZ)

DOUBLE PRECISION DCTAUZ2sDNsD2NsDS1sDS1PI+DZ

COMMON /C/ DCTAU2sDN»D2N

COMMOR /1.7 X

1F (KeGT40) GO TO 2

D51=DZ##({DN~1.00)

D51PI=DCTAUZ#DZ#{14D0=(DN+14D0) #*DS1+DN#DS1#D5]1) /8400
RETURN

DS12114D00-DZ)##({DN=14DO0}
DS1P1a~DCTAU2#(1,4D0DZ)#(14D0=(DN+14DO}#DS1+DN*#D>]1#D51)/84D0
RETURN

END

N

FUNCTION DS2PI1DZ)

DOUBLE PRECISION DS2P1+0DZsDCTAUZsDNsDS1sD2N
COMMON /C/ DCTAUZ2sDNsD2ZN

COMMON /L/ K

IF{XeGTa0? GO TO 2

DS1=DZ*#{DN=~14D0)

DS2P I =DCTAUZ#(14D0=DN#0DS1# (DN+1+D0~(D2N=14D0)#051)1/8.D0
RETURN

DS1ei{1.,00-DZ)#%{DN=14D0)

GO TO 1

END

[

FUNCTION DS3PI(DZ)
DOUBLE PRECISION DS3PI+DZsDCTAUZ9DN#DS13DS24D2N
COMMON /C/ DCTAUZ9DNsD2N
COMMON /L/ K
IFIKeGT40) GO TO 2
0512DZ##(DN=24D0)
D52=DZ## (D2N=3.00})
1 DS3PTaDCTAUZRDN#(DN=1+D0}#(—(DN+14D0)#D5142,00#(D2N-1,00)#DS2)
1/78D0
RETURN
2 DS1==111,D0=-DZ) #*{DN=2aD0)}
DS2=={{1,D0~DZ}##(D2N=3.D0))
G0 T0 1
END

FUNCTION DS4P1(DZ)

DOURLE PRECISION DS4PI»DZsDCTAU2»DNsDZN»DS1sDS2
COMMON /C/ DCTAU24DNsD2N

COMMON /L/ K

IF (KeGT40) GO TO 2

DS1=nN2**IDN=-34D0)

DS2=DZ#*{D2N-44D0)

1 DS6PI=DCTAUZ#DNY (DN=1+00) % (~(DN+]1 400} #(DN~24D0}#DS1+24 DO {D2N=

~

114001 *(D2N=-3,D0)#DS2)/8.00
RETURN
NS1=11,D0-DZ)*##{DN=34D0}
DS2=114D0-DZ ) *##({D2N=44D0)
GO T0 1
END

FUNCTION DS5P1IDZ)

DOUBLE PRECISION DS5PI1+DZsDCTAU29DNsD2NsDS19DS2
COMMON /C/ DCTAU2+DN»D2N

COMMON /L/ K

1F [X.GT40) GO 10 2

DS1=DZ#* (DN~-4¢DO)

DS2=DZ##(D2N~5.D0)

1 DS5P1=DCTAU2ADN# (DN=14D0)# (DN=2,00)#{=(DN+14DO)#(DN=3,00)#DS1+

~

1

~

164D0%({D2N=-1.D01%(D2N=3,00)#DS21/8,00
RETURN

DSle=({14D0=DZ)##(DN=44D0))
DS2==((1400=-pZ}##(D2N=54D01})
GO T0 1

END

FUNCTION DS6PI(DZ)

DOUBLE PRECISION DS6PI1+DZsDCTAU29DNsD2NsDS19DS2

COMMON /C/ DCTAU2»DNsD2N

COMMON /L7 X

IF (KeGT40) GO TO 2

DS1xDZ#* (DN-54D0})

DS2aDZ#* (D2N=6400)
NS6P1=DCTAU2#DNS (ON=14D01# (ON=2¢00 ) #{=(DN+1sD0}#{ON~24D0 1 # (DN~
144D0)#DS1+4,00% (D2N-1.D0) #(D2N=3,00) *{D2N=5.D014DS2}/84D0
RETURN

DS1={14D0=DZ)##(DN=54D0)

DS2=(1.00-DZ}*#(D2N-64D0)

GO TO 1

END

FUNCTION DS7PI(DZ)

DOUBLE PRECISION DSTPIsDZ+DCTAU29DNyD2NsDS19DS2
COMMON /C/ DCTAUZHDNID2N

COMMON /L/ K

1F (KsGT40) GO TO 2

DS1=DZ##{DN~-6.0D0)

DS2=NZ#*(D2N=7.00"

1 DS7P1=DCTAUZADN# (DN=14D0)# (DN=24D0}#(DN=3,D0)%#{=(DN+1sD0}* (DN~

16400} #{DN=5,D01#DS1+8+D0%(D2N=1+D0)1#(D2N=3,D0)%#{D2N-5,D0)#D52)/8,
200

RETURN

2 DS1z=1(1.D0=DZ)##(DN=64D0))

NS2z={{1sD0=DZ)**(D2N=7.D0})
GO To 1
END
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SUBROUTINE SIMP{DXL+DXUsNITsNIT1sDTOLsFUNsDANS)
NOURLE PRECTISION DHsDXUsDXLDSUMI »DSUM29D5UM3 s DANS»DANSLDF »
1DABSsDERRDTOL sFUN

NiT1=10

DH={DXU~DXL)/2.D0

NSUM1=FUN{DXL ) +FUN{ DXU)

DSUM2=FUN{DXL+DH}

DANS=DH* {DSUM1+44DO*DSUM2) /3400

N=2

DO 1 I=1sNIT

DANS1=DANS

NaN#2

DH=NH/2,D0

DSUM3a0.D0

NL [MaN=]

DO 2 Kx1sNLIMs»2

DF=K

DSUM3aDSUM34+FUN (DXL+DH#DF )

DANS=DH# {DSUM1+24D0O*DSUM2+4 «DO*DSUM3) /3,00
IF (DABSIDANS)«LTaleD=-6) GO TO 1

DERR= {DANS-DANS1 )

1F{DABS(DERR)+LE«DTOL) RETURN
DSUM2=DSUM2+DSUM3

1F (DABS(DANS)«LTal4D-6) RETURN

DTOL=DERR

N1T120

RETURN

END

FUNCTION DRRBIDZ)

DOURLE PRECISION DRRBsDNsD2N+DAsDCOCTAUZDZ
COMMON /C/ DCTAU2sDN»D2N
COMMON /L/ K

COMMON /P/ DC

IF{XeGT.0) GO TO 2
DA=DC*(DZ-DZ*#NN)
ORRB=24D0/DA

RETURN
DA=DC#{}4D0=DZ~{1:D0=-DZ) #%DN)
GO TO 1

END

SUBROUTINE DHPCG(PRMTsYsDERY sNDIMy THLF s FCT»OUTPsAUX)

DIMENSION PRMT(1)sY(1)+DERY(1)sAUX(1621)
DOURLE PRECISION YsDERYsAUXsPRMTsXsHsZsDELT
DOUBLE PRECISION DABS

COMMON /B/ MM

N=1

IHLFa0

XuPRMT(1)

HaPRMT3)

PRMT(5}=0,D0

DO 1 I=1sNDIM

AUX{16s11=0.D0

AUX{15»1)aDERY L]

AUX{1s1y=Y(I)

IF(H® LPRMT(2)=X1)39254

ERROR RETURNS
1HLF=12
GO TO 4
THLF=13

COMPUTATION OF DERY FOR STARTING VALUES

[a¥a}

[a¥a}

[aXal

[a¥a)

[2¥a}

[a¥al

0 @~ s

~

14

20

21

CALL FCT(XeYsDERY)
IF (MMeGTa1) RFTURN

RECORDING OF STARTING VALUES

CALL OUTP(XsYsDERY s THLF*NDIMsPRMT}
IFIPRMT{5)1635+6

IFCIHLF)Y 79796

RETURN

DO B I=1»NDIM

AUX(Bs1)}=DERY( 1)

COMPUTATION OF AUX{2»1)
ISw=1
60 T 100

X=X+H
DO 10 1=1sNDIM
AUX(29])=YL])

INCREMENT H 1S TESTED BY MEANS OF BISECTION
THLFaIHLF+]

XuX=H

DO 12 1=1+NDIM

AUX (49 T)mAUX(291)

He o SNO*H

Nel

1SW=>

GO To 100

XmX+H

CALL FCT{XsYsDERY)
IF (MMeGTel) RETURN
N=2

DO 14 [=1sNDIM
AUXT2s1)aYID)
AUX(9+1)=DERY(T)
1SwW=3

Go To 100

COMPUTATION OF TEST VALUE DELT
DELT=0,D0

DO 16 1=1sNDIM
DELT=DELT+AUX (151 )#DABSIY(])=AUX(4s1)}
DELT=40666666666666667D0*DELT
IF(DELT-PRMT(4)119+19917
TF{IHLF=10)11518»18

NO SATISFACTORY ACCURACY AFTER 10 BISECTIONS. ERROR MESSAGE.
THLF=a)1

XmX+H

GO Tn 4

;HERE IS SATISFACTORY ACCURACY AFTER LESS THAN 11 BISECTIONS.
aX+H

CALL FCT{XsYsDERY}

IF (MM4GTel} RETURN

DO 20 I=1sNDIM

AUX{3,1)=Y(T)

AUX{10s1)aDERY{ 1)

N=3

TSW=4

Go To 100

N=1
X=X+H

CALL FCT(XsYsDERY)
IF (MM.GT+1} RETURN
X=PRMT(1)

DO 22 I=14NDIM
AUX{11s1)=DERY (1}

€ xypuaddy



18

NnNANNY NN

[aXa)

AONANANNAN

2207 {11 =AUXL Lo 1} +H®{,3750088UX (8,1 14,791666656666665TD0%AUXIG, "}

1-,20R3333333331377199%AUXL 1001 ) +43416666655556657D0#232Y 11}
23 X=X4H

NzN+ 1

~ALL FCT(XsYsDERY)

1F [MMeGTa1) RETLPN

TALL OUTPIXsYoDT2Y 2 IHLF sNDIMsPRMT )

ICIPRMTI5) 160246
24 TF{N=4)251200200
75 00 26 1=1sNDIM

AUXINW T =YL
76 AUX(N+7+1)=DERY(1)

TF(N=3)27+295200

27 NO 2R I=1sNDIM
DELT=AUXI9s T )+AUXIO )
NFL ELT+DELT

28 Y(I)=AUX(1¢1)44333223333333333300%H#(AUXI8s[)+DELT+AUXLLI]))
GO T3 23

29 No 30 [x1sNDIM
DELT=AUX(9s1)+AUXI 1D T)
NELT=DELT4DELTHDE.T

20 Y(I)=AUX{191)4,37500#H# {AUXI8s] }+DELT+AUX(111))
an To 23

LYY Yy Ry Y Y Ry e R X L e S L
THE FOLLOWING PART OF SUBROUTINE DHPCG COMPUTES dY YEAN> OF
RUNGE~KUTTA METHOD STARTING VALUES FOR THE NOT SELF-LTARTIN
PREDICTOR-CORRECTOR METHOD.

100 DO 101 I=1sNDIM
Z=H#AUXIN+T» 1)
AUX(5s1)22

101 Y{D)=AUX(Ny[}+.4DO0O%2
Z IS AN AUXILIARY STORAGE LOCATION

ZaX+44DO%H
CALL FCT(ZsY»DERY)
1F (MMeGTel) RETURN
DO 102 I=1+NDIM
Z=HADERY (1}
AUX[69]1) a2
102 YUT1=AUXINY 1 14429697760924T7536D0#AUXI5411+¢1587596449T10358004Z

2aX+44557372542187894D0%H

CALL FCT(ZsYsDERY)

IF (MMeGTel) RETURN

DO 103 I=1+NDIM

Z=HENERY (1}

AUX{Ts1)=2

107 YUI)=AUXINsT1+,2181003882259205D0%AUXI6511-3,050965148692931D0%

14UX(69T143.832R6476046T701000#2

2xX+H
CALL FCT{Z,Y»DERY)
1F IMMeGTe1) RETURN
DO 104 I=1sNDIM
1040Y (T} =AUX(N»11+.1747602822626904D0%AUX(5+11~45514B806628787329D0*
1AUX(69]1414205535599796524D0#AUX{7+1)144171184781219519000*
2HeDERYL 1Y
GO TOU9513+15921)915W
ARG E AR R RN R A RN AR R AR AR AR RN RN E RN E RN P H R FAR R ARG R B R RN BN RSN

POSSIBLE BREAK-POINT FOR LINKAGE

STARTING VALUES ARE COMPUTED.

NOW START HAMMINGS MODIFIED PREDICTOR-CORRECTOR METHOD.
200 ISTEP=3
201 IFI{N=81204+202+204

"

B

e

YA

Yy

205

206

207

21

(=

211
212
13
216
918

216
217
218
219

N=Q CAUSES T~7 ROWS OF AUX TO CHANGE THETX STORAGE LOCATIONS
PO 203 N=2+7

NO 203 I=1sNDIw

AUXIN=1s11=AUX[N2])

AUXIN459 T1=BUXINSTS T}

N=7

N LESS THAN B CAUSES N+1 TO GET N
N=N+1

“OMPUTAT 2% OF NEXT VECTOR Y

S0 205 l=1sN2IM

AUXIN=1T)=V 1)

AUXIN+691)="ERYI1}

Xz X+H

1STEP=[STEP+]

N 207 T=1sN0IM
ONELT=AUX IN-4»1)414333323333333333D0%H* (AUXIN+6 1 1+AUXIN+6s 1)~
LAUXIN 453 1148 X (N4as T 1+AURIN+GeT Y]
Y(1)=DELT=47256193347107438D0%AUX{16+1)

AUX{1591)=DELT

PRENICTOR 13 MAW SENERATED IN ROW 16 OF AUXy MODIFIED PREDICTOR
15 GENERATEN IN Y, DELT MEANS AN AUXJLIARY STORAGE,

CALL FCT(XsYsNF2Y)
IF 1, 6T.1) REJUSN
DESIVATIVE OF “DZIFIED PREDICTOR 1S GENERATED IN DERY

no 203 T=1sNni»

ANELT=,12500# (2. DORAUXIN-131)1=AUKIN=331)434DO%H®{DERY{ ]} +AUXIN+6+1)
1+AUX{N+6 v 11=AUKIN+541) )}

=AJXT16s1)=DELT

T+,2743801652892562D0%AUX{16+1)

TEST WHETHE2 4 MUST AL HALVED OR DOUBLED
NFLT=0.00

79 209 [=1sNDIM
NFLT=PELT+AUX (1591} #DABS(AUX{16+1))
IFINELT~BRMT14))21092229222

H MUST NOT SE HALVEDs. THAT MEANS Y(I) ARE GOOD.
CALL FCTIXsYsDERY)

1F (M4,GTe1) RETURN

CALL NJTPUXsYsNERY s THLF sNDIMyPRMT)
IF(PRUT{5)1212+2119212

IFITHLF-111213+2124212

RETURN

IFL* [ X-PRMT{2})12149212+212
IFINARS(X-PRMT{2})~41DO%DABS(HI 121222159215
IFINFLT=¢"2n0%PRMTI4) 171602169201

H COULD BE NOUBLED IF ALL NECES3ARY PRECEDING VALUES ARE
AVATLABLE

IFUTHLF 120152014217
1FiN-7)2015218+218
FFUISTEP-4)201+219+219
INMOD=ISTEP/?
IF{ISTEP=TMOD-1MOD) 2015227,201
HsHan

THLF = [HLF =]

15TFD=9

D2 >N =1NDIM
BUXIN=1+1)=AUXIN=2s1)
AUXIN=2s1)=AUX(N=84s])
BUX{N=3+1)=AUXIN=6s1)

AUXIN+69 11=AUXIN+55 1)
AUXIN+591)=AUXIN+3s 1)

AUX(N+4s 1)=AUXIN+14 1)
CELT=AUX{N+6+ 1) +AUXIN+5» 1)
fELT=DFLT+DELT+DRELT

B xtpuaddy
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72210AUX(16+1)%8+962962962962963D0% Y 1)-AUXIN=-3,11)
1-%¢361111111111111D0%H* (DERY (1} +DLLT+AUXIN+as )}
G0 TO 201

H MUST BE HALVED
222 THLF=THLF+1
TF{IHLF-103223+223+210
223 H=e5DO¥H
1STEP=0
DO 224 I!=1sNDIM
0Y{11=,390625D~2#(84D1#AUX({N-11114135.D0#AUXIN=21)+4sD1*AUX(N=351)
1+AUXIN~431))-21171875DO0® (AUXIN+6311=64DOFAUXIN+S s 1)=AUX IN+4» 1)) #H
OAUX(N=4+1)%4390625D~2%(12,DO%AUXIN-1+11+135sDO%AUX(N=2+T)+
1108,NO¥AUXIN=3» I ) +AUX IN~4»11)~e02343T5N0* LAUX(N+6+1) 4+
21ReNOSAUXIN+59T) =9, DORAUX(N+4s 1)) #H
AUXIN=-3s1)=AUXIN=211)
226 AUXIN+4+11=AUXIN+SYT)
X3 X=H
DELT=X=(H+H)
CALL FCTIDELT»YsDERY)
1F {MM.GT.1} RETURN
DO 225 1=14NDIM
AUXIN=2+1)uY(T)
AUXIN+5911=DERYLT)
22% YI1)3AUX (N=A»1}
DELT=DEL T—[H+H)
CALL FCTIDELT»Y+DERY}
1F (MM,GT,1) RETURN
DO 226 I=1sNDIM
DELT=AUX (N#S+ i) +AUX [N+491)
DELTaDELT+DELT+DELT
OAUX(16+1128,982962962962963D0% (AUX{N=1+11-Y(1})
1-3.36111111110111100%H# (AUX{N+8s [ }+DELT+DERY(I))
226 AUXIN+34+1}=DERYI{I)
GO To 206
END
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PROGRAM FOR DETERMINING THE LOWER CRITICAL MACH NUMBER ON NONLIFTING

RANIFS NF REVALUTION HAVING ORDINATES R PROPORTIONAL TO X-X#8N OR

J=X={]1=X)1%%N BY USING THF METHON OF LOCAL LINEARIZATION-=FOR REFERENCE

SEFE SPRFITERsJs4Re AND ALKSNEsa,YesNASA TR-R2

AN AR IR R RO R R R B R B RN R AR TR RN AR A RN F PR PR B AR R R RS EN S I BN

THE INPUT DATA FOR THIS PROGRAM ARE ALL REAL CON>TANTS AND ARE IN-
PUTTEN ON ONE CARD AS FOLLOWS

COLUMNS 1 TO 10-—INITIAL ESTIMATE OF LOWER CRITICAL MACH NUMBER
COLUMNS 11 TO 20--LOCATION AS FRACTION OF BODY LENGTH (X/L) OF
POSITION OF MAXIMUM BODY THICKNESS

CNLUMKRS 21 TO 30~--FINENESS RATIO OF 80DY

P Y Y Py Ty T e T e e R R s s sl

MAIN PROGRAM
REAL ™
DIMENSION DPRMTIS}sDY{1}sDDERY (1) sDAUX(16+1}

DIMENSTION XMTKS(19)+DNEXP(191,DZSTI19)

EXTERNAL FCT»QUTP
COMMORN /A/ DIMsDK
COMMON /C/ DCTAUZ24DN
COMMON /L/ K
COMMON 7R/ DLASTXsDLASTUSDLMDAE

COMMON /S/ DBIGX»DBIGUsDURIFF

NATA XMTKS/0,0594100415+620942592309435984094453.500055946014659
1 «T7092751938094859,90%495/

DATA DNEXP/8Be7311340649919,173112,215+84396964044+444821+34389
20595924002459513,38994.482+640445843961124215+19.173,
3446499884731/

DATA DZST/0,0077126904019182+04033578+0,050724+0.,07056410,093097+
1 0e1183569041464061041773467904211325+0.272310904337355»
2 Cot062943504479059+04555659+04636159+0.720673+0,809353
3 0.902386/

READING AND PRINTING OF INPUT DATA

10 RFAN (542001 MeXMTF
200 FORMAT (3F10.2)

WRITE (62600}

600 FORMAT (1H1935X78HCALCULATION OF LOWER CRITICAL MACH NUMBER FOR A

INONLIFTING BODY OF REVOLUTION /36XTIHHAVING ORDINATES R PROPORTION
2AL TO X~X¥%K OR 1=X-{1=~X)s#} RY USING THE /36X29HMETHOD OF LOCAL L
3INEARIZATION ///)

IF({XMT.GEs1eeORsXMTLLESDs) GO TO 303

IF{FsLEa0s} GO TO 304

IF(MeGTalesORsMeLECOs) GO TO 306

NM=M

kel

TF{XMTGTeod1 K=0

DC 913 I=1s19

Jel=l

TFEXMTKSIT1=XMT) 91359169951

913 CONTINUE
914 DN=DNEXP(I)

95

o8

DZS1=DZ5THLT)

GO TO 950

1F {1.EQ.1) GO TO 914

DN=DNEXP [ J)+ (DNEXP{ 1) =DNEXP(J)}/{XMTKS{T)=XMTKS (J) }#{ XMT=XMTKS ()
NZS1enZSTLII4INZSTLII=NZST D))/ (XMTKSI 1) =XMTKS(J) ) # i XMT~XMTKS(J))
CONTINUE

AwXMT

TF(XMToLTea5) A=dewXMT

NIT=0

DN1aDN=-14

NIT=NIT+1

IFIN1T.GT420) GO TO &

AN1=A%&DN]

DNUM=] ,~DN¥#AN1

DENOMu=AN1# (DN®*ALOG(A}+14)

DNFWNxDN={ DNUM/NENOM)

)

o

w

~n

[a¥a)

[aXa)

FRR=ARS(NN/DNEWN-14}
NR=NNFWY
1F{FRR.GTal4E-4) GO TO 5
GO TO 8
A OWRITE 1647
T FORMAT {4X4OHEXECUTION TERMINATED BECAUSE EXPONENT N CANNDT BE /5X
149HNFTERMINEND TO WITHIN 401 PERCENT IN 20 ITERATIONS)
G0N To 10

INITIALIZATION OF VARIOUS PARAMETERS
R NC=(NN*#{NN/INN=1.00)11/{DN-1,00}

NMLORN==1,0

NMUPRN=~1,0

NTAU=1./F

NAMMAZ ] &4

NN=0

DDM=,1

NCTAY=NCeNTAU

NCTAUZ=NCTAURDCTAY

NZF=0.99

CALCULATION OF THE POINT WHERE S-={X) = 0

Nzl

D25=nZS1=N52P1(N2S511/NSIPIIDZSY)

TFIARSINZS-NZS11aLTal.E=6) GO TO 40

n251=n25

NEN+)

1FINGRTL10) GN TO 2

67 10 1

3 WRITE 16+100)

100 FORMAT (1HO+4XA55HEXECUTION TERMINATED BECAUSE 5--(X) = Q POINT CAN
INOT BE /5X57THDETERMINED TO wITHIN SUFFICIENT ACCURACY IN 10 ITERAT
210NS)

GO T0 10

40 WRITE (61601)
WRITE (6+602) XMT
WDITE (ARsf603) F
WRITE (69604) DN
WRITF (64605) NZS
WRITE (636061 GAMMA
WRITE (6+99)

Q9 FORMAT (1HO0»//)
WRITE (6,110}

310 FARMAT (1HO19HITERATIONI2X 31 1HMACH NUMBER»9X26HLAST X»6Xv15HLASTH
11~Mem=kUyy

AFGINNING OF CYCLE FOR NEW MACH NUMBER
D1M=1e~DM*DM

N =NMEDME? 4

NM=NN]

TFINNLGTL20) GO TO 500

~

START OF INTEGRATION PROCEDURE
DBIGX=0.0

NARIGUx=10.0

DLASTXz040

DLASTU=040

OY(1)=0.0

NDERYI[1) =140

NPRMT(11=D25

NPRMT 23 =DZF

NOEMT{3) = (NPRMT (2} =NPRMT{11) /32,
NDPMTI4)=] 4F=p

NnIM=1

CALL DHRCGINPRUT DY yDDERY sND M+ IHLF»FCT»QUTPy DAUX)

LOGIC FOR CHOOSING NEW MACH NUMBER
TELIMLF.GTL10) GO TO 300
I IDLMDAECLELQ.00) GO TO 30C
IFINUNIFFeGTaleE~6) GO TO 301
30 10 1C

450 DMUPRD=OM

g xTpusddy
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202 FORMAT (1H 92Xs1294XeE124%595X9F124595X9E124%)
WRITF (69202) NNsDMyDLASTX sDLMNDAE
[F{NNDM.LF.14E=3) GO TO 10
[F{NMLOARNLF.0.00) GO To 210
NNM=DOM/2,
210 DM=NM=DDM
GO TO 2
301 DMLORN=OM
WRITE (6+202) NNsDMsDLASTXsDLMDAE
IF{NNDMeLE«14E=3) GO TO 10
IF (DMUPBDJLE.0.00) GO TO 209
NRM=NNM/ 2,
209 DM=PM+DDM
GO TO 2
500 WRITE (6»501)
501 FORMAT (1HO+100HPROGRAM TERMINATED BECAUSE LOWER CRITICAL MACH NUM
1BER NOT DETERMINED TO WITHIN 001 IN 20 ITERATIONS)
G0 TO 10
601 FORMAT (1M »49HRODY OF REVOLUTION AND FLOW FIELD CHARACTERISTICS//
1)
602 FORMAT (1H »29HBODY MAX. THICKNESS AT X/L = #3XsE12.5)
603 FORMAT (1H »19HFINENESS RATIO F = 513X9E12.5)
604 FORMAT (1H »32HEXPONENT N FOR BODY ORDINATES = »E1245)
40% FORMAT (1H »20HS==(X) = 0 AT X/L = »12XsE1245)
606 FORMAT (1M »26HRATIO OF SPECIFIC HEATS = 96XsE1245)
303 WRITE (64400}
A00 FORMAT [ 1HOs42HXMT MUST BE GREATER THAN 0 AND LESS THAN 1)
GO To 10
304 WRITE (69401)
401 FORMAT (1HO942HFINENESS RATIO F MUST BE GREATER THAN ZERO)
G0 T0 10
306 WRITE (6+402)
402 FORMAT (1134 FREE STREAM MACH NUMBER MUST BE GREATER THAN 0 AND LE
155 THAN THE LOWER CRITICAL MACH NUMBER WHICH 1S LESS THAN 1 )
GO TO 10
END

SUBROUTINE FCTIDXsDY,DZ)
DIMENSION DY(1}eDZ(1)

COMMON /A/ D1M+DK

COmMMON /E/ DEF

COMMON /R/ DLASTXsDLASTUsDLMDAE
DLASTX=DX

DA=NSPI(DX)

DA2=DS52P1(DX)

DA3=DS3IPIIDX) .
DEF=DA2#ALOG{DA/(DX#{1¢00~DX)}}+DINT{DX)
DLASTU=DY(1)+DEF
DLMDAE=DIM~DK*DLASTU
IF(DLMDAE«LE«0e00) RETURN

D2 (1)aDAIRALOG(DLMDAE)

RETURN

END

SUBROUT INE QUTP{NXeNYsDDFRY » THLFsNDIMsDPRMT)
DIMENSTON DY{1)+ODERY (1} 9+DPRMTIS)
COMMON /E/ DEF

COMMON /S/ DBIGX+DBIGUDUDIFF
DU=DY (1) +DEF

DUDIFF=DBIGU~DU

IF(DUDIFF.GTo040) RETURN
DBIGU=DU

DBIGX=DX

RETURN

END

FUNCTION DINTIDZ)

FXTERNAL DFUNsDFUN1

COMMON /G/ NWiDA2

NW=nZ

NA2=DS2P11(DZ}

NIT=10

PTOL=14E-6

CALL SIMP{0,009DZsNTTsNIT1»OTOL'DFUNSDANS)

TF(NIT1.EQe0) GO TO 20

DINT1=DANS

CALL SIMPI(DZ»1+00sNITsNIT1sDTOL »DFUN1»DANS)

IF(NIT1.EQe0] GO TO 20

NINT2=DANS

DINT=NTNTI+DINT?

RETURN
20 WRITE(6921}
21 FORMAT (1HO+2Xs45HPROGRAM HAS TERMINATED BECAUSE THE FRACTIONAL/3X
1s 4THERROR SETWEEN TWO SUCCESSIVE INTEGRALS OF DFUN /3X945HIS LARG
2ER THAN THE SPECIFIED TOLERANCE (DTOL)/3Xs &OHFOR THE GIVEN KUMBE
IR OF ITERATIONS (NIT))
WRITE(6922) DZ
FORMATIIH »s5Xs4HX = sE14eT)
WRITE (6923) DTOL
?3 FORMAT (1H +5X+29HFRACTIONAL ITERATIVE ERROR = 93X+El4.7)

s5TOP

END

?

~

FUNCTION DFUNINZY

COMMON /G/ DWsDA2

1F {ARSIDZ-DW} LTsl+E=6) GO TO 20
NR2=NS2PT{DZ)

DEUN=(DA2=-DB2) /{DW=DZ )

RETURN

DFUN=NS3PL (DW)

RETURN

END

?

o

FUNCTION DFUN1(DZ)
COMMON /G/ DWsDA2
IF (ABS(DZ-NW )¢LToleE=-6) GO TO 20
nB2=nS2P11(DZ})
DFUN1=(NA2~DB2)/(DZ-DW )
RETURN
20 DFUN1s=DS3PT(DW)
RETURN
END

FUNCTION DSP1{DZ)

COMMON /C/ DCTAU2sDN
COMMON /L7 K

IF(KaGT«0) GO TO 2
051=DNZ-D2*#DN
DSPI=DCTAU2#DS1#DS1/16.
RETURN
N51=1,00-D2Z=(1,00-D2) ##DN
Go To 1

END

—

~

g xrpueddy
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FUNATION NL2P1INZ)

COMMNN /C/ NDCTAUZ29DN

AMmnN 77 X

TElK cTe0y 59 TN 2

NSTzNZE* {NN=1.001

RS20 TaNCTAU?#{1400="NEDS]# (UN+T1e. "= 124004DN=-1,001%D5111/8.00
RE TURN

NS1={1+00-NZ)#8{DN=1.00}

66 TN 1

END

FUNCTION DSIPLINY
raMunN /7 DCTAUZWNN
COMMNN /L7 X
IFIK.GT.0) GO 1O 2
NS 1=NZ8%(NN=7,00)

NS0 [ w(NCTAUZ#IN#(DN=1,001#DS1#{-DN=1400+2.00#{2,00*DN-1400)%D5]

14D2)1/84002

2

RFTURN
NS1=(1,00-D21%##(DN=2,00)

NS3P [ =(NCTAUZENN*IDN=1,N0)#DS1# IDN+1,00-24+00%(2,00%0ON=1.00)*DS12*

111.00=DZ21)) /8400

N

~

RFTURN
END

FUNCTION DRSQIDZ)

COMMON /C/ DCTAU2sDN
COMMNAN /L7 K

1FIK,GT.0) GO TQ 2
NS1anZes(NN-1400)
NS2=1400~DN#DS1
DRSQ=DCTAU2#DS52#D52/4.00
RETURN
D51=(1.00-DZ)##(DN=1.00)
D$2==1400+0N#DS1

GO TO 1

END

SUBROUTINFE SIMP{NXLsDXUsNIToNIT1+DTOLIFUNIDANS}
NIT1=10

AH={HXU-DXL)/2.00
NSUMLaFUNIDXL 1 +FUN(DXU)
DSUM2eFUNIDXL+NH)
NANS=NHE (NSUMY +4,00#N5SUM2 /3,00
N=2

DO 1 I=lsNIT

NANS]1=DANS

N=N#2

NHENH/ 2,00

nSUmM320,00

NLIMaN=1

BN 2 K=1sNLIM2

PRk

NSUM3ANSUMALFUN [AXL+HHNK )
PANS=PHE {NSUM]+7,00¥D5UM? +4 . 00#DSUM3) 73,00
DERR3 [DANS-DANS])

IF {ABS(NEQR} LK NTOL) RFTURN
NSUMP=NSUM2+NSUM3

DTOL=DERR

N1T1=0

RETURN

END

N

"~

N

»

&

» don

SURRNUTINE DHPCGIPRMT »Y »DERY sND My THLF ¢ FCT20UTP #AUX)
NIMENSTNAN PEMTI1)s Y1) sDFRY(1}2AUXI16011)
FAaMuny 727 ALASTXeNLASTU»LMDAF

FOMMNYN 7S/ NRTIGX IR [GUSDUNIFF

N=1

THLE=0

X=pPauT(])

H=DOMT (7}

DRMT{5)=0,0

NO 1 T=]1eNDIM

AUX(16911=040

AUX{159+1)=DERY{I)

AUX[1sBr=Y(])

IE{H¥(PRUT(2)=X1]3s2s4

FORNR RFTUINS
THLF=12
nOTO 4
THLE=11

rOMDUTATION OF NFRY FOR STARTING VALUES
CcALL FCT{X»YsDFRY)
IFINLMDAE.LE«0.0) RETURN

RECARNING QF STARTING VALUFS

CALL NUTP(XsYsDERY s THLF sNDIMyPRMT)
IFINUNIFFeGTaleE~61 RETURN
TFIORMT{5}11645+6

TFUIHLEY T 746

RETURN

ROCA Tx1aNDIM

AUXTA»TI=DERY ()

rOMPUTATION OF AUX{(2»1)
15wW=1
GO 70 100

XuX+H
NN 10 [=1.NDIM
AUX[247)=Y(1}

INCRFMFNT H 1S TESTED RY MFANS OF RISECTION
THLF=THLF+1

XaX=-H

NO 12 I=leNDIM

aUX{4s 11 =AUX{2: 1)

Hx o594

RED}

I5W=2

60 TOo 100

Xz X+H

FALL FCTIXsY4DFRY)
TF(NLMNAELLF,0.0) RETURN
Nx2

NO 14 IwlsNDIM
AUXE20 1) =Y ()
AUX(Gs1)=DERYIT)

1Sw=3

6n 70 100

COMPUTATION QOF TEST VALUE DELT
NFLT=0.Nn

a0 1A T=14NN]w
NELT=NELT4AUXT 15411 #ABSIYIT)=AUX 4210}
NFLT=,0656A6666T#7ELT
IF(NFLT=PRMT{41119+19+17
TFUIHLF=10)2171818

NN SATISFACTORY ACCURACY AFTER 10 BISECTIONS. ERROR MESSAGE,
THLF=11
X=X+H

g xtpusddy
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C
C
19
20
C
71
22
23
4
25
26
C
21
?8
C
29
30
C
C
c
C
C
C
100
101
C
C
102
C

GO TO 4

THERE 15 SATISFACTORY ACCURACY AFTER LESS THAN 11 BISECTIONS.
X=X+H

CALL FCT(XaYeDERY}

TF{NL¥DAE L4040} RETURN

DO 20 I=1sNDIM

AUX(3,T)=Y(1)

AUX(10+1)=DERYI(T)

N=3

1SW=4

GO To 100

N=l

X=X+H

CALL FCTIXsYsDERY)

TF{(NLMNAE L Fe0.0} RETURN

X=PRMT(1}

DO 22 I=1»NDIM™

AUX{11+1)=DFRY( 1)

YOIV =AUX{LoT1#H# (4375 ¥AUX(8y11+.7916666TFAUXIO»11~420833333%AUX

1(105114.04166666T*DERY (1)

X=X+H

N=N+1

CALL FCT(XsYsDFRY)
TF{DLMDAE.LE«0.0) RETURN
CALL NUTP{XsYsNERY» IHLFsNETM4PRMT)
IF(NUNIFFeGTalaE=61 RETURN
TIF(PRMT(5)16926416
1F{N=4}251200+700

DO 26 1=1»NDIM
AUXINs[)=Y{D)
AUX(N+7+1)=DERYI])
1F{N=3127+29+200

DO 28 [=1sNDIM

DFLT=AUX(S» 1) +AUX(9s 1)

DFLT=DELT+DELT

Y11 =AUX (1010443333333 9%H={AUX(Bs 1 }+DELT+AUX(10»1}}
GO TO 23

DO 30 I=1+NDIM

NFLT=aUX (9911 +AUX{100 1)

DELT=DELT+DELT+DELT

YOIIzAUX (191044375 #HR(AUXIB» I )+DELT+AUXI111))
GO TO 223

ERERERERFRRER R AR R RN R AR R ER R RS R PR XA B PO RARE RN R R E RN B R NN EN
THE FOLLOWING PART OF SUBROUTINL DHPCG COMPUTES BY MEANS OF
RUNGE~KUTTA METHOD STARTING VALUES FOR THE NOT SELF-STARTING
PRENICTOR=CORRFCTOR METHOD

DO 101 I=1sNDIM

ZmH®AUXIN+79 1}

AUX{5sT11=2

YOI)=AUX(NsT)+etnZ

Z 1S5 AN AUXILIARY STORAGE LOCATION

Z=X+4b4%H

CALL FCTU{Z2YsDERY)

IF(DLMDAE.LFe040} RETURN

DO 102 I=1sNDIM

ZeH*DERY (1)

AUX1&+1)=2

Y1) =AUXIN31)+429697761%AUXI5¢])+4158759542

2EX4465573725%H

CALL FCT(ZsYsNERY)
IF(NLMDAF (L E+0.0) RETURN
DO 103 I=1sNDIM
Z=H*DERY (1)

AUX(T7s11=2Z

B RaXalakakatal

a¥a)

N

102

104

2n0
20

207

207

208

210

21
212
212
214
218

YUT1=AUX(Ns[1+,21810039%aUX{5+11-3.05096515%AUX(641}1+43.83286476%2

Z=X4u

TALL FCTLZHYaDFRYY

IF{NLYNAF (L Fe0s0) RETURN

PO 104 I=1NDIM

YOT)=AUX(Ns 114,174 7602B*#AUXIS+T)~45514B066%AUX(641)+142055356%AUX
TUT79s1 1441 TI1AGLTPEH#DERY (1)

GC TO{9+13s15921)215W

EE R RN AR R BN RN R RN AP REA AN TR P RN A R R AR R AR F AR FERERFR R RERRRARERERR LN

PNSSIALE BRFAK=POINT FOR LINKAGE

STARPTING VALUES ARE COMPUTED.

NOW START HAMMINGS MODIFI1ED PREDICTOR=CORRECTOR METHODe
15TFP=1

1F{N-2)2041+202+204

NeB CAUSES THE ROWS OF aUX TQ CHANGE THEIR STORAGE LOCATIONS
N0 207 N=247

DO 703 1
AUXIN=1s1)=AUXINsT)
AUXIN+6s T)=AUXIN+T o1}
N=7

N LFSS THAN B CAUSES N+) 1O GET N
N=N+Y

CNMDUTAT AN OF NFXT VECTOR Y

nn 208 [=].N0IM

AUX{N=1s])=Y(1)

AUXIN+63 T1=DERY(T)

X=X+H

ISTEP=1STEP4]

NN 207 T=1.NDIM

OFLT=AUXIN=411 1412323333333 %HE {AUXIN+6 [} 2AUXIN+E 1 1=AUXIN+S5» 1)+
TAUXIN+4 s TY#AUXIN+L 1))

YOI =NFLT=,92561983%AUX {1611}

AUX{16+1)=NELT

POFRICTAR IS MNW GENFRATER IN ROW 16 OF AUX, MODIFIED PREDICTOR
1S GENFRATED 1N Y, RELT MFANS AN AUXIL[ARY STORAGE.

CALL FCTIX»YsDFRY)
IFINLMDAELE«Oa0) RETURN
DFRIVATIVE OF MODIFIED PREDICTOR 1S GENERATED IN DERY

DO 208 I=1sNDIM

NFLT=4125 #{9400%AUXIN=T1211~AUX(N=341143400%H* (DERY( I} +AUX{N+6,41})
VHAUXIN+62 1) =AUXIN+Ss]1 1))

AUX{16913=AUXT169T)-DELT

YUT)Y=DELT+,074280165%AUX(161)

TEST WHETHER H MUST BE HALVED OR DOUSLED
DFLT=040

DO 209 1=1,NDIv
NELT=DELTHAUX (15,1 )%ASSTAUX(161))
TFINFLT-PRMT (4112101222227

H MUST NOT RE HALVEDs THAT MEANS Y(1) ARE GOOD.
CALL FCT{XyYsDERY)

TFADLMNAF (L F.0.0) RETURN

CBLL QUTPIXsYsNERY s THLF sNDIM¢PRUTY
TEINUNTFF4GTaleE=6) RETURN
TF(PRMT(65))212+2114212
TFUIHLF-11121392129212

RFTURN

TEiHe (X=PRMTI2)1)2144212+212

TF L2PS{X-PRMTI2)1=a100%A85(1H)1212+215,215
IF(NFLT- 07#PRV1(4)1216121612C]

g xTtpuaddy
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H COULD BE DOUBLED IF ALL NECESSARY PRECEDING VALUES ARE
AVATLABLE

216 1F{IHLF120192019217

217 IFIN=7)201»218+218

218 1FUISTEP=-4)201+219»219

219 IMOD={STEP/2
IFUISTEP=IMOD=1MOD) 20192205201

220 HaH+M
THLF=aTHLF-1
ISTEP=Q
PO 221 I=1»NDIM
AUXIN=131)2AUX{N=2s1)
AUX(IN=2»T)mAUXN=&y 1)
AUX{N=3s1}mAUXIN=6+1)
AUX(N+8> 1) =AUXIN+5, 1)
AUX{N+3+1)mAUX (R3]
AUX(N+4» 1) =AUX(N+151)
DELTaAUX{N+&» T} #AUXIN+511)
DELT=DELT+DELT+DELT

221 AUX(16+1)%8,96296296%1Y (1) ~AUXIN=34+1))=3436111111%H*(DERY(I}+DELT
1+AUX{N+A1))
GO To 201

H MUST BE HALVED
IHLF=THLF+]
IF(THLF=101223+223,210
229 He,8%H
1STEP=0
DO 224 I=1sNDIM
YUI)=gI00625E=22 (B E1FAUXIN=101 141354 %AUX(N=2s])+4oE]1%AUXIN=3s1)+
TAUXIN=491))=01172875%# LAUXIN+6s] 1 =6 e ®AUX(N+5s ] 1 =AUXIN+4 ]} ) %H
AUXIN=&1T19,390625E=-24112%AUXIN=111)42354%AUXIN=-2+]1)+108+%AUX{N=3
191 )+AURIN=#91))=00234375¢ TAUXIN+63])+18¢ *AUXIN+5+11~94 *AUX{N+4» 1))
2%H
AUX{N=3s1)=mAUX{N=241)
226 AUX(N+&»]}=AUXIN+5+1)
XmX~H
DELTuX=(H+H}
CALL FCTIDELTsYsDERY)
1P IDLMDAE.LES040) RETURN
DO 225 I=1»NDIM
AUXIN=2sT)=Y(])
AUX(N+5,1)=DERY(])
22% Y(1)=AUK{N=&s])
DELTaDELT=-(H+M)
CALL FCT(DELT»YsDERY)
IF (DLMDAE.LE«0.0) RETURN
DO 226 I=1sNDIm
DELTSAUX{N+5s 1) +AUX IN+&s1)
DELTaDELT+DELT4DELT
AUX(16+T)28,96296296# LAUXIN=1sI}=Y{T1)=3436111111#HR(AUXIN+6»T )+
1DELTHDERY (1))
226 AUXIN+I»1)aDERY(])
GO TO 206
END

22

~N

g xTpuaddy
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C PROGRAM FOR DETERMINING THE UPPER CRITICAL MACH NUMBER ON NONLIFTING
< RODIES OF REVOLUTION HAVING ORDINATES R PROPORTIONAL TO X=X##N OR

c 1=X-{1=X}%#N BY USING THE METHOD OF LOCAL LINEARIZATION-=FOR REFERENCE
C SEE SPREITERsJsRs AND ALKSNEsAsYssNASA TR-R2

C

4

cllllllii!l!Illllr.ilil!llliill!l!!llll fEE.

C THE INPUT DATA FOR THIS PROGRAM ARE ALL REAL CONSTANTS AND ARE IN-

C PUTTED ON ONE CARD AS FOLLOWS

C COLUMNS 1 TO 10-—INITIAL ESTIMATE OF UPPER CRITICAL MACH NUMBER

4 COLUMNS 11 TQ 20~-LOCATION AS FRACTION OF BODY LENGTH (X/L) OF

4 POSITION OF MAXIMUM BODY THICKNESS

C COLUMNS 21 TO 30--FINENESS RATIO OF BODY

c.ilillllll!!n FEER R AR R R RN R E R R RN R R B E N AR AR R RGN R AR R RNy

c

4

C MATN PROGRAM

REAL M
NIMFNSTON DPRMTI5)sDY(1)sDDERY (1) +DAUX(161}

DIMENSION XMTKS(19) sDNEXP(16)+DZST(19)

EXTFRNAL FCT+OUTP
COMMON /A/ D1MsDK
COMMON /C/ DCTAU2sDN
COMMON /L/ X

COMMON /R/ DLASTXsDLASTU'DLMDAH

DATA XMTKS/04059¢1096159¢2096259¢300¢350440044590501455+06094650¢
1 «T00e750480148514901495/

DATA DNEXP/88e731334¢649019e1739124215184396264064944482+34389»

1 2e595024002¢5959343890be48246540449803969124215019173
2 3446499884731/

DATA DZST/040077126+04019182+02033578104050726190.07056620.093097»
1 04118356406146406904177347104211325+04272310004337355,
? 0440629490,4479059504555659104636159104720673+904809353,
k] 04902386/

READING AND PRINTING OF INPUT DATA

READ (552001 MyXMTsF

FORMAT (3F10.2)

WRITE (6»8600)

FORMAT (1H1s35XT8HCALCULATION OF UPPER CRITICAL MACH NUMBER FOR A
1NONLIFTING BODY OF REVOLUTION /36X71HHAVING ORDINATES R PROPORTION
7AL TO X~X##N OR 1-X-(1-X1#%N BY USING THE /36X29HMETHOD OF LOCAL L
3INEARIZATION //7)

PM=M

IF(XMT4GEela«ORaXMT4LEsOe) GO TO 303

IF{FaLTe04) GO TO 304

IF(MyLTs1le) GO TO 306

Kel

IF(XMTaGTae8) K20

DO 913 I=1,s19

Jul=l

TF(XMTKS(11=XMT) 9132914951

CONTINUE

DN=DNEXP (1)

DZS1=DZSTI(Y)

G0 To 950

IF (14EQel) GO TO 914

DN=DNEXP{ )+ (DNEXP( 1)=DNEXP 1))/ EXMTKS (T} =XMTKS{J} ) #(XMT=XMTKS(J))

PZS1=DZSTLIN+(DZSTEI}=DZST(JI )/t XMTKSLT ) ~XMIKS(J} 1 #(XMT-XMTKS (U}

CONTINUE

AsXMT

IF(XMTalTee5) Axle=XMT

NIT=0

DN1=DN=-1a

NIT=NIT+1

IF(NIT.GT.20) GO TO 6

ANT=ASSDN]

DNUM=1.-DN*AN1

NFNOMu=AN1#{DN#ALOG(A) 414}

DNEWN=DN=- [DNUM/DENOM)

ERR=ABS (DN/DNEWN=14)

DN=DNEWN

[a¥al

[a¥a)

AN

[a¥a)

[}
7

@®

3
100

40

99

IF(ERR¢GTe14E=4) GO TO 5

G5 T0 8

WRITE (607)

FORMAT (4X49HEXECUTION TERMINATED BECAUSE EXPONENT N CANNOT BE /5x
149HMDF TERMINED TO WITHIN 401 PERCENT IN 20 ITERATIONS)

GO To 10

INITIALTIZATION OF VARIOUS PARAMETERS
NC=(NN** (DN/(DN=1.00)1)/{DN-1,00)
NMLNAN==-1.0

NMUPRD=-1,0

GAMMA=144

NN=0

DTAU=1+/F

DCTAU=DC#DTAU

DCTAU2=DCTAURDCTAU

DI0=0,0

DZF=0.99

DDM=0,10

CALCULATION OF THE POINT WHERE S=-(X) = 0
N=1

NZ5=nZS1=DS2P1(D2S1)/DS3PI(DZST)
TFLARSINZS-DIS1 aLTe1+E-6) GO 1O 40
NZS1=n25S

N=N+1

IF(NyGT410} GO TO 3

GC TO 1

WRITE {6+100)

FORMAT (1HO»4XSSHEXECUTION TERMINATED BECAUSE S~={X) = 0 POINT CAN
;TgTsar /SXSTHDFTERMINED 10 WITHIN SUFFICTENT ACCURACY 1IN 10 ITERAT

NS)

GO T0 10

WRITE (646011

WRITF (6+602) XMT

WRITF (64603} F

WRITE (63604) DN

WRITE (6s605) D25

WRITE (606061 GAMMA

WRITE (6499)

FORMAT (1HO4//)

WRITFE (601101}

110 FORMAT (1HO+SHITERATTONs2X»11HMACH NUMBER»9Xs6HLAST Xs6Xs18HLAST ¢

N

?

rS

300

207

2710

TMEM-) +KUDY )

RFGINNING OF CYCLE FOR NEW MACH NUMBER
N1M=NM¥DM-1.0

DK=DM#DM#2 .4

NN=NN+1

IF{NN.GT420) GO TO 500

START OF INTEGRATION PROCEDURE

DYi1)=0.0

DDERY{ 1)1 =140

NPRMT (1) =DZS

NPRMT(2)=DZ0

NPRMT (3} = {NPRMT{2)=DPRMT{111}/32,

DPRMT(4) =) .E-6

NOIM=1

CALL DHPCG(DPRMT DY +sDDERY sNDIM» IHLFsFCTsQUTP s DAUX)

LOGTC FOR CHOOSING NEW MACH NUMBER
IF(THLF4GT.10} GO TO 301

IF (DLMDAH.LE.0.0) GO TO 301
RMUPBD=DM

WRITE (692021 NN+DMsDLASTX »DLMDAH
FORMAT (1H +3X31 304X 0E12e545%03E124545X9E1245)
TFInNM.LE«14E-31 GO TO 10
TF(NMLOBD.LELOL0) GO TO 210
POM=NNM/ 2,

NM=pM-DDM

GO TO 2

g xtpuaddy
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301

209

800
801

601

602
603
604
608
806
303
400

304
401

306
402

DMLOBD=DM

WRITE (6+202) NNsDMsDLASTX sDLMDAH
IF(DDMeLEs1eE=3) GO TO 20

1F (DMUPBDLE.O40} GO TO 209
DDM=DDM/ 2.

DMaDM+DDM

GO T0 2

WRITE (4+501)

FORMAT (1HO+100HPROGRAM TERMINATED BECAUSE UPPER CRITICAL MACH NUM
lggRTgOIODEYERNINED TO WITHIN o001 IN 20 ITERATIONS)

FORMAT {1H »49HB0ODY OF REVOLUTION AND FLOW FIELD CHARACTERISTICS//
1N

FORMAT (1M +29HBODY MAXe THICKNESS AT X/L = »3X»E12.5)

FORMAT (1H s19HFINENESS RATIO F = 313XsE1245)

FORMAT (1H »32HEXPOMENT N FOR BODY ORDINATES = »E1245)

FORMAT (1H 120HS==(X) = O AT X/L ®» +12XsE2245)

FORMAT (1H »s20HRAT10 OF SPECIFIC HEATS = »8%sE12.3)

WRITE (69400}

FORMAT (1HOs42HXMT MUST BE GREATER THAN 0 AND LESS THAN 1)

GO T0 10

WRITE (6+401)

FORMAT (1HO»A2HFINENESS RATIO F MUST BE GREATER THAN 2ERQ)

GO TO 10

WRITE (6+402)

FORMAT ( 88H FREE STREAM MACH NUMBER MUST BE GREATER THAN THE UPPE
1R CRITICAL WHICH 1S GREATER THAN 1)

GO TO 10

END

-

~

[

SUBROUTINE FCTIDXsDYsDZ}
DIMENSION DY(1)9D2{1)

COMMON /A7 D1M»DK

COMMON /C/ DCTAU2sDN

COMMON /E/ DHF

COMMON /L/ X

COMMON /R/ DLASTXsDLASTUDLMDAH
DLASTX=DX

IF(DXeLTaleE-6) GO TO 2
DAAaDSP1{DX)/(DX®DX)
DA2aDS2P1{DX)

DA32DS3P1(DX)
DHFaDA2#ALOG{DAA}+2400#DINT(DX)
OLASTUaDY (1) +DHF

DLMDAH=D1M+DK# {DLASTU)

1F {DLMDAH.LE+0+0) RETURN
DZ(1)2DAIRALOG{DLMDAH}

RETURN

IF(KeGT40) GO TO 3
DAARDCTAU2/164

DX=0s

GO TO 1
DAA=DCTAU2#(DN=1400)#{DN=1400)/16.
DX=04

GO T 1

END

SUBROUTINE SIMP{DXL sDXUsNITsNIT1»DTOL»FUNsDANS)
N1Ti=10

DH={DXU-DXL) /24

DSUM1=FUN (DXL ) +FUNIDXV)

DSUM2=FUN{ DXL +DH)

DANS=DH# { DSUM]1+4 ¢ 00#DSUM2} /3¢

N=2

DO 1 1=lsNIT

DANS1=DANS

~

-

[

2

N

NuN#2

DH=DH/ 24

DSUM330,0

NLIM=N-]

DO 2 Ks1eNLIM»2

DK=K
DSUM3sDSUM3+FUN (DXL +DH#DK )
DANS=DH# (DSUM1+2¢00#DSUM244.00%DSUM31 /3,
DERR= {DANS=DANS1}

1IF (ABS{DERR)4LEJDTOL) RETURN
DSUM2sD5UM24+DSUM3

DTOL=DERR

NIT1=0

RETURN

END

FUNCTION DRSQ(DZ)
COMMON /C/ DCTAU2+DN
COMMON /1.7 K
IF(XeGTe0) GO TO 2
DS1aDZ#%{DN=1400}
DS2#1,00~DN#DS]
DRSQ=DCTAU2#DS2%D52/ 44
RETURN
NS12{1.,00=-DZ)#%{DN=1400)
DS2s=1,00+DN#D51

GO To 1

END

FUNCTION DS3PI(D2)

COMMON /C/ DCTAU2+DM

COMMON /L/ K

IFIKsGTo0) GO TO 2

DS51=D2#%(DN=2400)
Dg;Pl-(D(TAUz’DN!lDN—!.OD)GDSI'(-DN-I.OOQI.OOQI2-00‘0“-1-00)'051
18D2)) /84 :
RETURN

DS1#(1,00-DZ)#%(DN=2,00)

NS3P1aiNCTAU2#DNE {DN=1,00) #DS1#{DN®1,00=2,00%(2,00%#DN=1,00)2DS1#
11{1,00-DZ}}1/8,

RETURN

END

FUNCTION DS2PI1{DZ)

COMMON /C/ DCTAU2»DN

COMMON /L/ K

IFIXKeGTo0) GO TO 2

DS1aDZ## {DN=1400)

NS2P1aDCTAU2% (14 00DN#DS1# (DM41+00-{2400#DN=24001#05111/84
RETURN

DS1211,00=DZ)##[DN=1400)

G0 To 1

END

g xrpusddy
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)

20
21

??

22

25

FUNCTINN DLBTINL)

FaMunr 7y DCTEI24DN
couvan Ly X

TFiX,nTe ) 62 TG ¢
~g1=nZ-~ZwsnN
FLPI=NCTAUP#D=10L51 /16,
cr T Ry
NS1=1.00=N2=1],20=-NZ)asnr,
~eIn

END

EUNTTION NFUNINZY

FAMMNAY /67 DWaNAT

1F {A3S(0NZ=Nw).L s14E~6) 50 TC 20
NB2="32PTINZ)
NEUN=1V£2=DR? )} /7 IPw-DE

RETURH

AFUN=N-301tNa)

RETURN

FRD

FUNCTION n(k[Tth\

FXTFRuAL NFUN

COMMON /G/ DwWsDAQ

IF {aRSINZ),LTeleE-6) GO TO 25

Nw=DL

Na7=NS2P1ID2)

NI1T=]10

NTOL=)14F=6

CALL SIMP{0,00+DZsNTTeNTT14DTOLSDFUNIDANT)
TEINTTYL.FR,.0) GO TO 20

NINT=04aYS

o€ TURN

WRITFL6421)

FORMAT (1HG#2X9s45HPROGRAM HAS TERVINATED BECAUSE THE FRACTICONAL/IX

1¢ LTHFPENR FEIWFEEN TWO SUCCESHIVE INTEGRALS OF DFUN /732945413 LARG
2Fc THAN THE SPPCIFTED 'OLFRAN'T IDTOLI/3Xy  w0AF R THE (TvZN NUMBE
AR OF 1THRATIONS INTTY)

WRITE (As22) D2

FOIMAT (1H o5Xs4HX = sElGe7)

WRITE (4,73} NTOL

FORMAT (1 +5X929HFRACTIONAL T1ERATIVE ERRUN = #3XsEla.7)
STNe

DINT=0.7

RETURN

FNn

SUBROUTINE OUTPIDXsDY sNDFRY 4 THLF s NDIMsNPRUT)
AIMENSTINAN IY{1)1sDNEFRY 111 4nDRMTLR)

CoMuMNy /F /7 DHF

RETURN

FNO

~

~

~

o

@~ 13

o

D

uenALTINE AHDAGIDRUT s Y sRERT 4 NDIM THLF o FCT10UTP vAUXY

ATUENSTON PRMTI1)sY (1) 1DERY (] )s UX(1691)
COMMNN /R/ DLASTXsDLASTUSDLMDAE
N=1i

YHLF:O

X=PPMI (]

MH=PR¥T ()

PRYT(Ry =,

A0 1T T=1eNDTM

AUX(1A11=0,0

AJXI15+11=DFRYIT)

2UX{YIa =Y (D)
TF{HB(PRMT(P)=a)}342+4

FRROP RF TURNS
THLF=17
G0 T0 &
THLF=17?

FAMDYTAT T Y OF DERY FOR STARTING VALUES
FALL FTUX,YenfRyy
[F{NLMDAL.LE«0."} RETURN

RECOPDING OF STARTING VALUES

Catl PUTPIXsYsRERY s [HLF sANTYsPRMT )
TELPRUTIE Y6 T4

IFIIHLEN T+ 706

RETIRN

N0 8 I=1sNOIM

AUXEASTI=DERY (I

FAMPUTATION OF aUX(2,1)
1SW=1
A0 TO 100G

X=X4H
N 10 T=1.N01%
AUX{2sIN=Y L)

INCREMENT H 18 TESIED BY MEAN> UF BISECTION
THLE = THLF+1

XmX=H

DO 1?2 I=1+NDIM

AMX(4eY)=AUXTT41)

H= 6814

N=1

15w=2

ro 1o 10C

X=X+

CALL FCTUXsYsDERY)
TFINLMDAHLLF 30403 RETURN
N=?

NO 14 T=14NDIM
AUXI2eT)=Y (T
AUXLQeTY=nNFRY "

1€w=2

AN Tn 100

rovpJTAT NN ~F TFST VALUF DFLT
nFLT=0.0

N0 16 T=1sNDIM

NELT=NFL T4AUXT TS T3 #ABSIY {1 )=2UXI4 )
DELT=40666666674DELT

TFINELT=DRUT (41119418417
TF{THLF=1C111+7841R

NN SATISFACTORY ACURACY aF1Fk 14 BISECTIONS, ERROR MESSAGE,
THLF=11

X=%eH

a xTpuaddy
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[a¥aXalaXata)

[a¥al

6N TN o

THFRF 15 SATISFACTORY ACCURACY AFTER LF55 THAN 11 BISECT[ONS.
19 X=X4u
CALL FCTIXsYsDERY)
IF{DLMDAHJLE.040) RETURN
DO 20 1=1sNDIM
AUX({3s1)aY (D}
AUX{10+1)=DFRY (1)
N=1
1SWs4
GO TO 100

?

2

21 N=l
XsX+H
CALL FCTU(XsYsDERY}
IF(DLMDAH.LE.040) RETURN
XaPRMT{1}
NO 22 T21,NDIM
AUX[11+1)=DERYIT)
22 YUI)=AUX{191)+H# {23 T75RAUXIBr[)+eT7916866T#AUXIO,1)
1-429833233#AUXT 1001 )44 0418666886T#DERY (T )
23 X=X+H
N2N+Y
raLL FCTIXsYoDNFRY)
IF(NLMDAH,LE.0.0} RETURN
CALL OUTRIX3YaDERY S THLF sNOIM,PRMT )
IFIPRMTI8)) 6926446
24 TF(N-4)2%+200+200
25 DO 26 I1=x1»NDIM
AUX(N» 1) sY 1)
26 AUXIN+7,])1=DERY(T)
1FIN=31271,29»200

27 O 728 lelJNOIM
NFLT2AUX{9s[)+8UXI9s1)
DFLT=DEL T+DELT

28 Y{T)zAUX(19114.33393333%He (AUXIB[14+DELT4AUXIT0 1))
GO To 23

29 DO 30 I=1»NDIM
DELT=AUX (9 T)+AUX{10» 1)
NELT=DELT+DELT+DELT

20 Y{1)=AUXt1s»1)+a37SRHS (AUX (8 [)+DELTHAUXIYEN] D)
GO TO 23

BRI RN RN IR R AR PP R F R R R R AN AR S F R AR DR RN BRI R R RPN ISR R R
THE FOLLOWING PART OF SUBROUTINE DHPCG COMPUTES EY MEAND OF
RUNGE=KUTTA METHOD STARTING VALUES FOR THE NOT SELF-S5TARTING
PRENTICTOR=-CORRFCTOR METHOD.

100 DO 101 I=1»NDIM

ZwH®AUX(N+Ts 1}
AUX(591)a2

101 Y(I1aAUXINs[)+.a%2

Z 15 AN AUXILIARY STORAGE LOCATION

ZuX+ o h¥H

CALL FCT{Z+YsNFRY)
1F{NLMDAH,LF.0.0) RETURN
DO 102 I=1sNDIM
Z=HANERY (1)

AUX(69T)xZ

107 YIT)=AUX{NIT1+.2969776)#AUX(5+1)4415R7%960#2

ZwX4445573725%H

CALL FCTtZsYsDFRY)
TF{NLMDAH.LE.0.0) RETURN
NO 103 1=1sNDIM
ZaHRNFRY (1)

AUXTT7sl) =2

TN YUT}2aUX{Ns114¢71810039%AUXI6,T)=1,0R006515#AUX(6s 1)+, R12B6474%2

AN AAAN AN

AaA

¥} N

A

“~

104

200
201

204

70%

20

3

208

210

211
212
219
24
218

2=X4H
CaLL FCT(ZVYaDFRY)
IFINLMDAHLE 40,0} RETURN
00 104 [=1sNDIM
YUE)=AUXINs1)+417476028%AUXI5+]1=,55148066%AUX1621)+4142055356
T¥AUX{7911+4171184T8#H*DERY (1)
GO TNEGs13915+21) 9 15SW
R AR A AR IR R R R AR RER RN AR R IR AR A AR AR AR A AR R AR RN RH PR RN R R R R BB RB AR

POSSTRLE BREAK-POINT FOR LINKAGE

STARTING VALUES ARE COMPUTED,

NOWw START HAMMINGS MODIFIED PREDICTOR=-CORRECTOR METHOD.
I15TFP=3

[FIN=-8)2049202+204

Na=8 CAUSES THF ROWS OF AUX TO CHANGE THEIR STORAGE LOCATIONS
NG 701 N=2,7

nRO 203 1=14NDIM

AUXIN~1+11=AUXINST)

BUXIN+AST1=AUXEN+TH 1)

N=7

N LFSS THAN 8 CAUSES N+1 TQ GET N
Nx=N+1

COMPUTATION OF NEXT VECTOR Y

DO 205 Ix=]1sNDIM

AUXIN~1y11aYI(T)

AUXIN+61)=NERYI])

XuX+M

1STFPa[STEP+]

DO 207 [=1»NDIM

AELT=AUX (N=451) 412013333333 8H# (AUXIN+69 11 4AUXIN+69 T 1 =AUXIN#53 1)+
TAUXIN+4s 1) +AUXINSA»TY)

YU =DELT-e925619832AUX{164]1)

AUX({16y [ 1=DELT

PRENICTOR 1S NOW GENERATED IN ROW 16 OF AUXs MODIFIED PREDICTOR
1S GFNFRATED IN Y. DELT MEANS AN AUXILIARY STORAGE.

CALL FCT{X3sYsNFRY)
TF(NLMDAHLLE«0.0) RETURN
NFRIVATIVE OF MODIFIED PREDICTOR 1S GENERATED IN DERY

DN 208 1=1sNDIM

NELT=,175%(9,#aUXIN=11)=AUX{N=3s1)+3¢%H* (DERY{[)+AUX{N+6s1})
T+AUX{N+5 2 T)=AUXIN+531)))

AUX1163])=AUXI1601)-DELT

YUI}=DFLT+.074380165%AUX(16s 1}

TEST wHETHER H MUST BE HALVED OR DOUBLED
NELT=0.0

NO 209 [=1sNDIM

NELT=RFL T+AUX{ 15T ) #ABS5LAUXL16901))
IFINCL T-PRMT{4))210+222+222

H MUST NOT AF HALVEN, THAT MEANS YI(I) ARF GOOD,
CALL FCTIXsYsNFRY)

TFINLMDAHLLE.0.0) RETURN

CALL AUTOIXYsNFRY s THLF sNDTM,PRMT }
IF{PRVT(5))21292114212

IFEIHLF=-11121392125212

RETURN

TF{H® (X=PRMT12))1214+212+212

IF (ARS({X-PRMT(2)1=21DO*ARS(H))212+215+215
[FINFLT-,02%PRMT(4))2169216+201]

f x1puaddy
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laXaXa)

H COULD RE DOURLED IF ALL NECESSARY PRFECEDING VALUES ARE
AVATLABLE
7216 TF{IHLF1201492015217
217 IF(N=7)2019+218,218
218 IF{ISTEP-4)2011219+219
219 1MOD=ISTEP/2
IFL1STEP=IMOD~1MOD} 2015220201
220 H=H+H
THLF=2THLF=-1
I1STEP=0
DO 221 1=1sNDIM
AUX{N=191)2AUX{N=2+1)
AUX{N-2s11=AUX{N=451)
AUX(N=3s1}=AUX{N=6s1)
AUXIN+6+1)=AUXIN+5+1)
AUX(N+5» 1)=AUXIN+3,1)
AUX(N+4s [ ) =AUXIN+1 1)
DELTzAUX (N+69 1) +AUX(N+55 1)
DELT=DELT+DELT+DELT
221 AUX{169]1)2Be96296296#(Y (1) =AUX(N=3,1))=3436111211%H*(DERY{]}+DELT
14+AUXIN+49 1))
G0 TO 201

H MUST BE HALVED
22? THLF=1HLF+1
IF{THLF-101223+223+210
223 Hao5%H
1STEP=0
DO 224 I=1sNDIM
Y{1)za390625E=2# (B8, E1#AUXIN=131)14135. #AUXIN-2+1)444E1*AUXIN=3+1])
T4AUXIN=-491))=41171875 #{AUXIN+69])=6e F#AUXIN+S9])~AUXIN+&2 1)) ®H
AUX(N=431)=,390625E-2%(12+ HAUX(N=]1s1}+135. *AUX(N=2,0)+
110B8s ®AUX({N=3»11+AUXIN-491))1-40234375 #{AUXIN+E11+
218. #AUXIN+5+]1)1=9. ®AUXIN+4sl})#H
AUX(N=3»[)2AUXIN=241)
224 AUX{N+491)12AUXIN+5»1)
XmX=H
DELT=X={H+H}
CALL FCT(DELT»YsDERY) f
IF{DLMDAH.LE«0+0) RETURN
DO 225 I=1sNDIM
AUX(N=2>1)=Y(1)
AUX{N+5,1)aDERY (1)
22% Y{I1}=AUX(N=&»I}
DELT=DELT-(H+HI
CALL FCT{DELTsYsDERY)
TF(DLMDAHWLE.040) RETURN
DO 226 I=1sNDIM
DELT=AUXIN+5s 1) +AUX(N+&sT)
DELT=DELT+DELT+DELT
AUX(169118496296296%# LAUXIN=191)~Y(11)=3¢36111111#H*LAUXIN+6])
1+DELT+DERY(1})
226 AUX{N4+3+1)aDERY{I)
GO TO 206
END

a xtpuaddy
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BHEREEREE RS R R EL ST ANEE AR AABUCRCLES 0L L wROERPUS
THE INPUT DATA FOR THIS PRNGRAM ARE ALL PFAL CNNSTAMTS ARD ARE IM=

BEER HERK wE

PROGRAM FOR DETERALNING THE SUKFACE &0 FLOW FIRLD PRFCSLDF NTSTRI-

BUTIONS FOP FREE STRFAM MACH WMAERS RELM

NONLIFTING PARAROLIC=ARC RNDIFS, “WICH HAVE FLLIPTIC (1SS SFLTIACS

THE LOWER COITECAL

THAT MAIMTAIN A COMSTAMT RATIO NF #AJOK TO “IMNR AXES ALOVG THE

ENTIRE LEMGTH QOF THE BADY, AY NIS|NG THE METHAN NF LNCAL | IMFaRTZA-
TIOM AND THE TRAMSONIC FMIIVALENCE RULE--FUR REFFRENCE SFF SPREITER,
JoRe AND ALKSME ALYy NASA TR=-R2 £0D HEASLET,Y,Aq AMD SPREITFR(JWRay

NASA TR-131R

PUTTED DN NME CARD AS FOLLOWS
COLUMNS 1 TN 10-—-FREF STREAr MACH MUMBER

LRAERB EAFRN

COLUMNS 11 TO 20--KRATIN NF MAJOR TN MINOR AXFS OF ELLIPTIC CROSS

SECTION

COLUMNS 21 TO 30--FIMENESS RATIO NF EQUIVALSNT RODY (IF FvNLUTIOM

COLUMNS 31 TO 40-—IMTERVAL SIZE AS FRACTION OF RODY LF'TH FOR

PRESSURE DISTRIBUTION PRINT-OUT

COLUMNS 41 TO BO-=FOUR AMGULAR LNCATIOMS (I DEGREES)
SURFACE WITH EACH SUCCESSIVE ANGLE OCCUPYIMG A SPACE UF 16 CMLUANS

THE OUTPUT PRESSURE DISTRIBUTIOMS ARE GIVEN ON THE RODY SHPFACE AND
1/FIMEMESS RATIN) OF THE
EQUIVALENT BODY DF REVOLUTION OUT TO A MAXIMUM DISTANCE DF P AND

AT MULTIPLES OF THE MAXIMUM DIAMETER D (=

AT THE FOUR INPUTTED ANGULAR LDCATIONS NF THE AZJMUTHAL AMGLE,

THETA, IN THE CROSS FLOW PLAME

MAIN PROGRAM
IMPLICIT REAL*B(D),COMPLEX*16{C}
COMPLEX*16 DCMPLX

R

DIMENSION DPRMT{5),DY(1)sDDERY(1),DAUX{1641}
DIMENSION CTH{41,C1(4),DTH{4),DTH1{4)DRR{4}

EXTERNAL FCT,0UTP
COMMON /A/ D1MyDK
COMMON /B/ MM
COMMON /CC/ DTAU2
COMMON /X/ DL,DL1,DL2
COMMON /Y/ C1,DTH1,DRB
COMMON /MRMC/ DHRTE,DMRM

10 READ (5,200) DM,DL,DF,DXsDTH

100 FORMAT (8(D10.21}
WRITE {6,600)
IF (DF.LE.0.) G0 TO 304
IF{DL.LE.N.) GO TO 305
IF (DMJGE+1440R.DM.LEL0.) 6D TO 306
IF{DX4LE.0..OR.DX.GE,1.] GO TN 307
DP1=3,14159265358979300
DGAMMA=1.4D0

DTAU=1,D0/NF
OTAU2=DTAU*DTAU
D1M=DM=DM-1 .00
DK=DM*DM%2 ,4D0
MM=1
DZ5=.211324865405187100
DD 500 1=1,4
DTHL{1)=DTHI{T)
DTH(I)=DP1#NTH({])/180.D0
DAA=DCOS (NTH{1})
DBB=DL=DSIMIDTH{1))
DRB(1)=DL/NSNORT [NAAZDAA+DNRAZNBR)
CTHUII=DCMPLX [D.DOWDTHLT))
500 CLU1)=CPEXP{CTH(I)}

oM THE BOOY

[sXaXs]

921

920

180

10

-

5

23
103

922

600

2 PARABNLIC-ARC BODY, WHICH

601
602
603
604
605
606
3n4
400

START DF I

WRITE (6,460
WRITE (6,60
WRITE (6,40

WRITE (6,60
VRITE (6,60
WRITE (6460
DURN =0,

DWRTE=DZS/D:

MRE=DWRTE
DURTE=MAN
OWRTE=NYRTE
DMRM=~DMM
CONTINUE
WRITE (6,18

FORMAT (1H

TEGRATIUN PRNCEDURE

1)

2} BL

3) OF

) DIS

5) DGAMMA
6) DM

920,920,921
MM+,

=NKiM+ 001

a)
)

MRITE 164101)
FORMAT {1MF0,44HSTART OF INTEGRATION FROM S''(X) = 0 TO NDSE//)

HRITE (6,5)

FORMAT (5X4}HXy5X 3 10HTHETA{DEG) y4X 4 8HCP (RODY )} 45Xy 6HCP (1D} 96X 46HCP{
120) 46X 6HCP(3D) 46Xy 6HCP (4D} 46X 46HCP (5D ) 46Xy 6HCPI6D) 96X 1 6HCP (TD ) 68X

24y6HCP{BDY/)
nY(13)=0.,00
DRERY(1)=1.
DPRMT(1)=nZ
DPRMT(2}=DnZ
DPRMT(3}=—,
DPRET(4)=1,
NDIM=]

no

S

0
00100
D-&

CALL DHPCGIDPRMT4DY4DDERY,NDIMyIHLF,FCT,0UTP,0AUX)

IF{IHLF.GT.
TFINK L GT.1}

10} 0 TO 10
GO 10 10

WRITE (b64180)

FORMAT {1H0,44HSTART OF INTEGRATION FROM S'4(X) = 0 TO TAIL//}

WRITE (6,4103)
HRITE (645)
DY(1)=0.n0

DDERY(1)=1.
DPRMT(1)=nZ
DPRMT{2)=n7

no
s
F

DPRMT(3)=,001N0

DPRMT{6Y=1,
NDIM=1
IFIDMRM EN,
MRM=MRM=1
DHR TE=MRIM
NDHWRTE=DNRTE
DMRM=DM)
CONTINUE

nD=-6

0.1 60 TO 922

DM

CALL DHPCGINPRMT,DY,NDFRYNDIM, IHLF 4FCT,NUTPy NALX)

60 TO 10

FARMAT [1H1,35X6THCALCULATION OF THE SURFACE AND FLOW FIELD PRESSU
IRE DISTRIRUTION FOR /36X6SHPURELY SUBSONIC FLNW ABOUT A NONLIFTING

ITHAT MAINTA

NS & CONSTANT RATLIQ QF

/36X65HHAS AM ELLIPTIC CROSS SECTIDM
£36XASHMAIOR TO HINOR AXES ALQ

4HG THE EMTIPE LENGTH OF THE BODY, BY USIMG /36X63HTHE KETHND OF LD
SCAL LINEARIZATION AND THE TRANSONIC EQUIVALENCE /36X4HRULE///)
+35H40NY AND FLOW FIELD CHARACTERISTICS//)

+31HRATIO OF MAJOR_TO MINDR AXES = 45X¢D12.%)

FORMAT {1H ,36HFINENESS RATID DF EQUIVALENT BONY = ¢D12.5)

s 2045V (X)) = 0 AT X/L = 416X4D12,5)

FORMAT (1M
FORMAT {1H
FORMAT (1K
FORMAT (1M
FOR AT ({1H

126HRATIO OF SPFCIFIC HEATS =
+26HFREE STFEAM MACH NMUMBER =

ARETFE {&,400)
FORYAT (1RO, &OHFIMENESS RETIN 11UST HE GRFATFR THPAN ZFRi*)

G TR 10

110X, N12.5)
110X,N1245)

a x7pueddy
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305 WRITE (6,401} 100 FNORYAT (1H GFR B IXTENTT 4y i, 60017120101 ,4))
401 FNRMAT (1HO,54HRATIO OF FAJOE Th STk AYES  aST b= arerye 7 7 MRITE (A,101)
LERQO} 101 FNPMAT {1HN)
GO TO 10 NHRTE=NMOTENME
3Nk WMRITE (6,402) VETUP
402 FORMAT (113H FREF STREAM MACH aiBsBRER ST ol AREAT=E Tl-e D ) L 10 “RITE (~,107)
1SS THAM THF LOWER CRITICAL HACH Millakk 102 18 LFCS Tt 1) 107 FORMAT (1HO,74HINMTIGRATION TEU) THATRD BeCANSE ACCHMUOLATED FRRORS H
cO TO 10 1AYE CAUSEN IHTEORATINNG Z1Y55HSGURRONT INE T RISFLT ORIGIMAL STEP &I
307 MRITE (6,403) 27F 1,001} 1N TIMES )
403 FORMAT (1HO,A9H TRTERVAL ST7F FR PRESSUTE PISTRIRLY T 0o T 'T=nNT G~ TD 30
1MUST BE GRFATER ThHAN 0N AND LFSS THAIL 1 ) END
G0 TO 10
END

SURRNUTINF CPFLDICRyNF1,NF?)
TMPLICET REAL¥BIN)COMPLEY#1&(C)

SUBROUTINF FCTIOX,DY,07) COMPLEXX%16 NCNNJG,CNSORT
TMPLICIT RFAL=8{D) COFMAN /X/ DL,PLL,DL2
DINENSION NY(1},DZ(1) CRSN=CR*CR

COMMON /A7 DLM,NK CR1=CRSN=NL1

COMMON /B/ MM CR2=CDSNRTICRI}

COMMAN /E/ DEF CR3=DCONJIAICRZ )

NDA=NSPI{DX} CR4=CR4CR?

DA2=NS2P T (DX} CR5=DCOMIGICRE)
S3PI(DX} CR6=1.N0/(CRP%CR4)
A2%{NDLOGIDA/ IDX%(1.D0-DX)}}1+3,00) CR7=DCONJIE(CRA)

DUU=-D1M=-NK% (DY (1) +DFF) N1=CR&=CPS

IF(DUUY 242,1 DF1=NLNGINT/ (4..D0%DLY)

1 DZ{1)=DA3:0LOGIDUL} D2=NL 1% (CRA+CRT)

RETURN N3=CR2%CR3

2 MM=2 Nas=NL/N3
WMRITE {6,700} DX NF2=N2-N4&
700 FORMAT {1HD,43HLOG ARGUMENT {1-imh=KU) IS DFEATIVE AT X = ,012.5) RETHRN

HRITE (4,701)
701 FORMAT (1H ,72HPROGRAM TERMIMATED RECaUSF [NPUT MACH -t
1R THAN LOWEP CRITICAL)

FMD

"AFR RRFATF

RETURN

END
FUNCTINN DRSN(DZ)
IMPLICIT RFAL®R(D}
COMMON /CC/ NTAUZ
DS1=1.N0-2.n0%NZ

SUBROUTINE QUTP(DX,DY,NNERY, IHLF,MNDIt,}PP™ T} NRSO=4.DO*NTAUZ#NS14NS]

IMPLICIT REAL®8(D),COMPLEXS1A(C) RETURN

DIMENSTON DY (L),ODERY (1) 4DPRMTI5),NCPE(R) (DTHL{4},CL (4] ,0PR(4) END

COMMON /E/ OEF

COMMON /MRMC/ DWRTE,OMRM
COMMON /X/ DL,DL1,DL2
COMMON /Y/ C1,DTH1,DRB

IF(THLF.GT.10) 60 TO 10 FUNCTION DSPT(DZ)
TF{DX.LE. 0L ORDXWGEL299) 6N TN 30 TMPLICIT RFAL*R(D)
IF (DMRM) 50,30,60 comuon /CC/ DTAY2
50 [F{NX.GT.NHRTE)} RETURN NS1=D2#{1.nN-n7)
60 TN 30 PSP I=DTAU2#N514DSY
60 TF(DX.LT.DWRTE) RETURM RETHRE
30 DU=DY(1)+DEF END
DCP1=2.00%NY
NA=2.00¢NS2PT(NX)
DR=DPRSN(DX)
DRF=,5D00%NL2/{0X*(1.00~NX})
PO 1 1=1,4 FUMCTION NSPPIINZ)
CR=DRAITIXCLIT} IMPLICIT REAL®R(N)
CALL CPFLND(CR,DF1,DF2) COMMAL /CR/ DTAND
DCPB=~DAXDF]+0B=NF2-NCP] NS2PI=72.0NENTAIRE {1 N0~6,NO=NT () NY-NZ 3 )
00 2 J=1,"7 RETIIRN
DJ=J ElD
CR=NRE=DJ=CL(1)
CALL CPFLN(CR,DFL,DE2)
2 NCPRLJ)==DARDFL+NRENF2-NCP]
1 WRITE (A,100) NX,DTHLIT),0CP1, ICPF

g xtpueddy
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FUNCTINN NS3PI{NZ)

TAPLICIT RFALZBUD)

COMMAN /CC/ DTAUZ
NS3P1=12.00%0TAUZS{2.00*0Z-1.00)
RETURN

END

SURRNUTINE NHPCS {PRMT »Y sDFRY sMD 1My FHLF +FC 140 1P »5UA)

THE INTFGRATING SUBROUIINE DHPCG (DOURLE PRECISION VERSION) USED wWITH
THIS PROGRA™l 1> IHE SAME A5 USED IN 1HT PROGRAM FOR CALCULATING
SURFACE AND FLNy FIELD PRE>OURE DI>1RISLITONs FCR FREE SIREAM MACH
NUMARERS AT OR MEAR 1 ON NONLIFIING 30DIEs OF REVOLUTION HMAVING OR~
NINATES R PROPNAPTIONAL TO X-X®%N OR 1=X={(1-X)»*¥

FAR A LISTING ~F THIS SURRQUTIME SEE THAT PROGRAW

B xtpuaddy
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PROGRAM FNR NETFRMINING THE SURFACE AND FLOW FIELD PRESSURF NISTUI-
RUTIONS FNR FREE STREAM MACH NUMBERS ABMVE THE HPPER CRITICAL 0™
NONLTIFTING PARABNLIC-ARC BRODIES, WHICH HAVE FLLIPTIC CRNSS SFECTIN~S
THAT MATNTAIM A CNASTANT RATIO OF MAJNR TO MINOR AXES ALPNG THE
EMTIRE LENGTH OF THE RNNY, BY USING THE METHNN NF LNCAL LIMFARIZA-
TIOM AND THF TRANSONIC EDUIVALENCF RULE-~FOR QFFEREMLF SFF SPREITR?,
JoRe AND ALKSNE,A.Y.,NASA TR-R2 AMD HEASLET,k.A. AP SPRFITER,J.M .,
MASA TR-131R

e e Y e L D T e P BEL:
THE TNPUT DATA FOR THIS PROGRAM ARFE ALL RFAL CANSTANTS Al ARE M-
PUTTED ON OME CARD AS FOLLOWS
COLUMNMS 1 TO 10~-FrRFE STREAM MACH NUMBER
COLUMNS 11 TO 20-=RATIN OF MAJOR TO MINOR AXFS (I ELLIPYIf CRNSS
SECTION
COLUMNS 21 TO 30--FIMENESS RATEQ OF EQUIVALENT RODY (OF RFEVOLUTTOM
COLUMMS 31 TO 40--INTERVAL SIZFE AS FRACTION OF RODY LEMGTH FOR
PRESSURE DISTRIRUTIOM PRINT-0UT
COLUMNS 41 TN 80--FOUR ANGULAR LNOCATIONS (M DEGREES) NW THE BNODY
SURFACE WITH EACH SUCCESSIVE ANGLE UCCUPYINMR A SPACF NF 10 COLUMMS

THE OUTPUT PRESSURE DISTRIBUTIONS ARE GIVEN OM THFE RNONDY SURFACF AND
AT MULTIPLES OF THE MAXTMUM DIAMETER D (= 1/FINENESS RATIN) OF THE
EOQUTVALENT BODY NF REVOLUTION OUT TO A MAXIMUM NISTAMCE NF AD ANN
AT THE FOUR INPUTTED ANGULAR LOCATIONS OF THE AZTMUTHAL ANGLE,
THETA, IN THE CROSS FLOW PLANE

L LR R L L et P P e e L e F L T e e L e e

2l lals ks Tz iaiainlziniaiaisialaiainlinkaialaiskaRataRae Ra R Rl o i e Ia

MAIM PROGRAM
IMPLICIT REAL*8(D),COMPLEX*16{(C}
CNMPLEX*16 DCMPLX
DIMENSION DPRMT{5),DY(1),0DERY(1),DAUX(16,1)
DIMENSION CTH(4),C1t4),DTH{4),DTH1(4),0RR{4)
EXTERNAL FCT,0OUTP
COMMON /A/ D1M,DK
CNMMON /B/ MM
COMMDN /CC/ DTAUZ
COMMON /F/ DIS
COMMON /X/ DL,DL1,DL2
COMMON /Y/ C1,DTH1,DRB
COMMON /MRMC/ DWRTE,DOMRM

10 READ {5,100) DM,DL,DF,DX,DTH

100 FORMAT (8(D10.2))
WRITE (6,600)
IF(DF.LE.0.) GO TO 304
TF(DL.LE.O.,) GO TO 305
IF(DM.LE.1.) GO TO 306
IF(DX.LE.N.,OR.DX.GE.14) GO TO 307
DPI=3.141592653589793D0
DGAMMA=1,4D0
DMM=DX
274 0200
02F=.9800
DTAU=1.DO/DF
DTAUZ=DTAU*DTAU
D1M=DM*DM-1,.00
DK=DM=DM*2 ,4D0
HMM=1
025=.2113248654051871D0
DO 500 1=1,4
DTH1{ 1) =DTH(T)
DTH{1)=0P12DTH({1)/180.N0
DAA=NCOS INDTHII)}
DBB=DL*DS IN(DTHIT})
DRB{1)=DL/DSQRT (DAA*DAA+DBB=NBB}
CTH{1)=DCHPLX{0.D0,DTH(1))

500

92

—

920

180

10

-

v

23
103

922

600

601
602
603
604
605
606
304
400

CL{TY=CNEXP{CTHIL})
DLL1=NL¥)L-1.00
NL2=NSHRT(NLY

START NF INMTEGRATIOM PRACENURE

g xypusddv

WRITE (6,601}

WRITE (h,602) DL

MRITF t6,A03) DF

WRI1TE {6,60n4) DIS

WRITE 164,615) NGAMHA

WRITE (&,ANA) DM

NMRM =0,

TF{NMM=,001) 920,920,921

DWRTF=DNZS/NMM+1.

MRM=NWRTE

DWRTE=MRM

DWRTE=NWRTE#DMM+,001

DMRM==DMM

CONTINUE
WRITE (6,180}

FORMAT {1H )

WRITE (6,101)

FORMAT [1HO,44HSTART OF INTEGRATION FROM S*''{X) = O TO NOSE//}

WRITE 16,5)

FORMAT (5Xy1HX 35X 10HTHETA{DEG) 4X,BHCP (RODY),5X, 6HCP{1D} 46X »6HCP(
12N) 36X 3 6HCP (3D ) 96Xy 6HCP 14D) 46X 4 6HCP{5D) 46Xy 6HCPI6D) 96X 96HCP (TD) 46X
2,6HCP(BN}/)

NY(11=0.D0

NNERY{1}=1.N0
DPRMT(11=DNZS

DPRMT{2)=DZ0

DPRMT(3)=~,N0100

DPRMT (4)=1.D-6

NDIM=1

CALL DHPCGUNPRMT4DY,NNERY yNDFM, [HLF,FCT,OUTP,DAUX)

IF(IHLF.GT.10) 6O T0 10

TF{MM.GT.1}) GO 7O 10

WRITE (6,180)

WRITE {6,103)

FORMAT (1H0,44HSTART OF INTEGRATION FROM S*'*{X} = 0 TO TAIL//)

WRITE (6,5}

DY (1)=0.D0

DDERY{1}=1,D0

DPRMT(1)=DZS

DPRMT (2)=DZF

DPRMT(3)=.001D0

DPRMT (4)=1.D-6

NDIM=1

IF({DMRM.E0.0.} GO TO 922

MRM=MRM=1

DWRTE=MRM

DWRTE=DWRTE=DMM

DMRM=DMM

CONTINUE

CALL DHPCGEDPRMT,DY,DDERY ,NDIM, IHLF4FCT,OUTP,DAUX )

60 T0 10

FORMAT (1H1,35X67HCALCULATIAN NF THE SURFACE AND FLOW FIELD PRESSU
IRE DISTRIBITION FNR /36X67HPURELY SUPERSONIC FLOW ABQUT A NONLIFTI
2NG PARABALIC-ARC BNNY, WHICH /36X65HHAS AN ELLIPTIC CROSS SECTION
3THAT MAINTAINS A CONSTANT RATIO OF /36X65HMAJOR TO MINOR AXES ALO
4NG THE ENTIRE LENGTH OF THE BODY, BY USING /36X63HTHE METHOD OF LO
SCAL LINEARIZATION AND THE TRANSONIC EQUIVALENCE /36X4HRULE///)
FORMAT_(1H ,35HBODY AND FLOW FIELD CHARACTERISTICS//}

FORMAT (1R ,31HRATIO OF MAJOR TO MINOR AXES = ,5X,D12.5}

FORMAT (1H ,36HFINENESS RATIO OF EQUIVALENT BODY = ,D12.5)

FORMAT (1H ,20HS''{X) = 0 AT X/L = ,16X,P12,5)

FORMAT (1H 426HRATIO OF SPECIFIC HEATS = 410X,D12.5)

FORMAT (1H ,26MFRFE STREAM MACH NUMBER = ,10X,N12.5)

WRITE [6,400)

FORMAT (1H0,40HF INENESS RATIO MUST BE GREATER THAN ZERQ)
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GO TD 10
305 WRITE (64401}
401 FORMAT (1HO,54HRATIO F MAJOR TO MINOR AXES MUST BE RRFATER THAM [
1ERQ)
6N TO 10
306 YRITE 16,402}
402 FORMAT {1HN,100HFREE STREAM MACH NUMBER MUST BE GRFATEr THAN THE U«
1PPER CRITICAL MACH NIIMBER WHICH IS GREATER THAN 1 }
GO TO 10
307 WRITE (6,403)
403 FORMAT {1HN,R9H INTERVAL SIZE FOR PRESSURE NISTRIRUTIM' PRINT-OUT
IMUST BE GREATER THAN O AND LESS THAN 1 )
G0 TN 10
END

SUBROUTINE FCTIDX,DY,DZ)
IMPLICIT REAL*R(D}
DIMENSION DY(1}),DZ(1)
COMMON /A/ DIM,DK
COMMON /B/ MM
COMMON /E/ DHF
COMMON /JF/ D5
DA=NSPIIDX)
DA2=DS2P1{DX)
DA3=DS3PI{DX)
DHF=DA2SDLNG(DA/{DX=DX))+2.DO*DINTIDX)
DUU=D1M+DX*{NY (1} +DHF)
IF{DUU)Y 2,241
0Z(11=DA3%DLOG (DU}
RETURN

2 MM=2

WRITE 16,700) DX
700 FOAMAT {1HO,43HLDG ARGUMENT (MsHM=1+KU) IS MEGATIVE AT X = ,D12.5)
TF{DX=DIS) 3,444

3 WRITE 16,701)

701 FORMAT {1H 569HPROGRAM TERMINATED BECAUSE INPUT MACH NUMBER LESS T
1HAN UPPER CRITICAL 1}
& RETURN
END

—

SUBROUTENE QUTP (DX sDY,DDERY,IHLF yNOIM,DPRHT)
IMPLICIT REAL*8(D),COMPLEX*¥161C)
DIMENSION DY(1),DDERY(1)¢DPRMTIS5),DCPF{8),DTH1{4)+C1{4),DRBI(4)
COMMON /E/ DHF
COMMDN /MRMC/ NWRTE,DMRM
COMMON /X/ DL,PL1,DL2
COMMON /Y/ C1,DTH1,DR8
IF{IHLF.G7.10) GO 70 10
TFINXLE.,O01.0RDX.GE..99) GO TO 30
IF {DMRM) 50,30,60
IFINX.GT.DHRTE) RETURN
GO 70 30
60 IFINX.LT.DHRTE)} RETURN
30 DU=DY{1)+DHF
NCP1=2.002D)
DA=2.DD=DS2PTIDX)
DR=DPRSO{DX)
PRF=.5D0%PL2/{DX%(1.D0~NX))
DD 1 I=ls4
CR=PRB{I}sC1{1)
CALL CPFLD{CR,DF1,0F2)
DCPR=-DA®DF1+0B%DF2-DCP1
DN 2 J=1,8
D=4
CR=NRF=0J2C1(])
CALL CPFLNICR4DF1,0F2)

5

o

2 PCPFLJ)==DAXNF1+DR=DF2-NCP]
1 WRITE (6,100} NX,0TH1(11,0CP3,NCPF

100 FORMAT {1H ,FR,541X1PD11.4,1Xy9(1Xy1PD11441})

HRITE (64+101)

FORMAT (1HO}

DMRTE=N"RTE+DMRM

RFTURN

10 WRITE (6,102)

102 FORMAT (1HN,74HINTEGRATION TERMINATED BECAUSE ACCUMULATED ERRORS H
1AVE CAUSEN TNTEGRATION /1X5SHSUBROUTINE TO RISECT ORIGINAL STEP SI
27ZE {.001) 10 TIKES )

611 TN 30
END

in

—

SUBROUTIME CPFLD(CR,DFLyNF2)
IMPLICIT REAL=*8{D},COMPLEX*16(C)
COMPLEX%1h NCONJG,CDSORT
COMMDON /X/ DL,DL1,DL2Z
CRSO=CR=(CR

CR1=CRSN=-NL}

CR2=CDSHRTICR)
CR3=DCONJGICR2)

CR4=CR+CR2

CONJG(CR&)

DO/ ICR2%CR&)
CR7=DCONJGICRS)

D1=CR4%CR5
DF1=DLOGI(D1/14.00%DL})
D2=DL1%{CR6+CRT)

D3=CR2%CR3

Da=NL/D3

NF2=D2-D4

RETURN

END

FUNCTION DIMNT(RZ)

IMPLICIT REAL=8(D)

COMMON /CC/ DTAU2
DINT=12,D0*PTAU2*DZ*(~1.00+1,5D00%DZ)
RETURN

END

FUNCTION DRSN(DZ)
IMPLICEIT REAL#%8(D)
COMMON /CC/ DTAUZ
DS1=1.D0-2.n0&DZ
ORSN=4,N0=NTAU2%DS1*DSL
RETURM

END

FUNCTION NSPIINZ)
IMPLICIT REAL*RID)
COMMDN /CC/ DTANZ
DS1=NZ=(]1.,PN-NZ)
NSPI=NTAUZ2=NS]1=DS]
RETURN

ED

€ xypusddy
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FUNCTINM PRS2PE(NT)

IWPLICTIT REAL%EB{N)

CoMMON /CC/ DTAUR
NS2PI=2.00FDTANZY (), Nl=A N
RETURM

END

s1.Nu=07 1)

FUNCTINN NS2PLINZ)

[HPLICIT RFAL=8(D])

CNMMON /CC/ DTAUZ
NS3P1=12.00%0TAUZ*12.003N2-1.D0)
RFTURM

END

SIEOOUTINE DHPCG PRIV s (3~ TR MO T S THLFsFCI Qo Py 2k

THF INTEGRATING SUPPHUTINF DHOC . (D20LE FRFCISION vFR510N) ULSED A[TH
THIS PROGRAM IS THE oNIE Lo UsT. [t THE PROGIAM FOR JALCULATING
SURFACF AND FLN. FIELD PRT5LURE MISTRIRJTICY. FCR FREE oTREAM “ACH
MONBFRS AT AR NEAR 1 0 MNAMLTFTING TADTES OF RFyDLUTICN HAVING OR-
NINATES R PROPORTIONAL TG A-X##. OR 1=Xx=(1~A)**N

£AQ A LISTING NF THIS SURPAITIME €T THAT PROGRA™

g xtpuaddy
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PRUGRAM EAR NLTERE[1 1 ThE SIMFACS #vu rL o Sl woevse CuT 1=
BUTINMS ENR ERPEF STHEAM HAGH wU-KHERS AT ‘we “Eab | o COTETT
PARARQLIC-APL RONIES, “HIGH MAVE FLLIPTIC friss .
TAIM A CONSTAMT RATIN NF IAJOR Ti) ddfernp 4¥< - TLE w Tre:
LENGTH NF THF FOPY, RY USING THE T €THT 00 6o (1o hro07- 310 A%
THE TRAMSONHIC FOUTVALFHCE 2HILE-=Fid Popitdr (€ LEw SOQFTITE 7,
AND ALKSMF A Y o yMASA TP=R2 AYD REASLEV, rery oM Sowe [T,
Th-1318

The © 43 wf -

CAO OO0 ONAOOONONE NN D00 ™

LR

HOERFRRRRREE AL G CE S RAB R T FHA LR

100

* & Bt 124 WARFEIAEE T RELUTEES
THE INPUT PATA FOR THIS PROGRLS ARF ALL
PUTTED ON NME CARD AS FRLLOMS
COLUMNS 1 TP 10=~FRFE STPFaid MACH WWKAFRP
COLUMNS 11 TN 20-=RATIN AF MAJNP TN RMINNR AXES OF Sp) [0T{ ruooss
SECTION
COLUMNS 21 TN 30-~=FINEMESS RATIN OF €GUFVALENT Anny NF . -vapnyns
COLUMNS 31 TN 40-~INTEPVAL STZE AS FRACTINY DF 8Dy | 2061 Fop
PRESSURE DISTRIBUTINN PRINT=-QUT
COLUMNS 41 TN RO-=FNUR ABGULAR LICATINMS (M NRufEzq) [N
SURFACE WITH EACH SUCCESSIVE ANGLE DCCUPVINR A& SPACE b 3o Cogi o€

THE OUTPUT PRESSURE NISTRIAUTINGS ARE GIVF: 117 THE ~nay Sie
AT MULTIPLES OF THE MAXEAUY RIANETER 0 {= 1/ LS 9310
EOUIVALENT RODY OF REVALUTIAN OUT Ti 4 “6XF 0 2 0STaifr - ot am
AY THE FOUR INPUTTED ANGULAR LNCAYIINCS »-F TS A7TOUTHAL AriLF,
THETA, IN THE CROSS FLPW PLANE

MAIN PROGRAM

IMPLICIT REAL*A{D},COMPLEX*161C)

COMPLEX*16 NCUMPLX

DIMFNSTON DPRMT{5)4DY{1)},NDERY(1),NAUXI1%,]1)
DIMENSION CTHI(4)4CLU4)NTH{S4},DTHL{a),NEM (&)
EXTERNAL FCT,0UTP

COMMON /A7 DM4DKoDLeDLIMyDZS DI M2y NHYs, v 1ty
COMMON /E/ DX11,DXL2,0101,DUNI2

COMMON /CC/ DTAU2

COMMON /B/ MM

COMMON /F/ DV,DV3

COMMON /X/ DL,DL1,DL2

COMMON /Y/ Cl.DTHL+DRB

COMMON /MRMC/ DWRTE,DMRM

READ (5,100) DM,DL,DF,0X,NTH

FORMAT (8{N10,2))

HWRITE (6,600)

IF(NDFLLE.N.) GO TD 304

IFIDL.LE.D.) GO TN 305
IFINX,LF.0..DR.DXWGELLL) GN TN 307
DPI=3,1415926535R97930N

DGAMMA=1.4N0

DHM=0NX

010=,0200

DIF=.98D0

DTAH=1.DO/NF

NTAUZ2=DNTANIXNTAL

ND1M=DM=NM-1.N0

NK=NMEDME? L4D0

N1=NK&1.7R107241799019RD0

M=1
MM=1
N72S=,21132486540518710D0
nx1 .00

T2 =0.N0

PO OO T=1,4
LTHL( 1) =DTHIT)
NTH{TI)=NPI&NTH{I)/18N,DQ

)

[sEa)

W

2ne
1n4

Meoesi T )
WEPITINT ) )
C1)=LL/OS D T IRAASDAASN 0 ) 7
CYRIT) =N XN DO, FTHET))
CUEN )= 2R LT ATy

A r=nLapb=1 .80

aL ASNETIOL)

VATTRE {Ayhi )

MPITE {hWENTY DY

WATTE {m,AN3) NE

CKITE (o,hfé) NZQ

WIITE LA, ARE) PEALKA

IRITE (A ADG) I

N2,

IFIN T = nN) 921,020,921
RTF=DIS/NTHA]
IBM=DHRTE

NHR TRz R

NURTE =AM TRENME 4, 00 ]
NiRE==NML,

CANTINGE

CALCULATINM OF AREA AND DERJVATIVRES (FF AREA AT X8

DL RTD NEF AN
NAL=NSIPI{R7S )
na?=NS2PI{N?S)
NA3=NS3IPT(N7S)
PAL=NSLP NS
DRB=NSERTINTS)
DAA=NSAPE(NTS)
NAT=NSTPEINTS)
NAM=DALOR{NTSNA/NZS)
NIN=DAL/NA

N1MZ =PlHEAM
IR EEDERI 2]

CALCHLATTO DR IMITTAL VALNE OF U
AUIE=PLER ST (R78)
CALCULATINM OF THF ST NDERIVATIVE DF U

n11=12.008PTANR2a{=1,.00+3,N0wN7S)

Nil=R,n=-1
ti=1
2 ML =NUL =N R (R 1=DAR EDLAGENULI+DAR = DI T )/ {MIN=DAF )

FRINARSIDIEI=NH1) LT,1."=10) 6O T j&

nul=niryt

M=h+]

IF{M.6T.11) 60 TN 200

6N 70 13

MRITE (&,104)

FN2EAT {(LHN,4XTIHPRNGRAK TFREISATED RECANSE TWITIAL DERIVATIVE NF
AT S11UY) = 1 RFOLTREN /8%AKRHELIK TaYLD® SRRTES STAFT AT TwAT b0y
2MT CAMMOT &F DETERGIVEN TR WITHIS /09X 3aSHRFICTRMT ACCURACY Tof 1N
3ITHEHATINNS )

a7 INn
nip=n )

CALONLATENM BF THE IMETIAL 20 DESTUAT IR (1IF U

72 EX TR FTp]

a3znig

A e NS (01 )

123 4SIRT LD DRLTATELILISE] L U=ASL ) =1L PO/NES) #0211 /€] 1m0
feoanl)

Colfol "3 0 b Ter [EETIAL 320 =R VATV e )

@ xrpuaddy



001

Al

180
101

5

23
1n3

Q22
27

N31=n,nn

NZ1=MI2/DNL=NF 3l

NZ2L=0714NDIN=1."N/N1LS

DA41=nA&/NLL

N311 =DINE{NASL =2 DOSNASLEN] K]

N2 1=-n2 21=-01F2+100/(NZ5307 %)

FUA= (NASENLE ] +F JNOEDALE D20 +3 40 NP R B0 =N [ F+0 [ /0] otti= 300005
1DA2 D)

CALCULATIO NF THE TRITIAL &TH Dek FVATIVE 0F )

N&=0.n0

N31=nU3/MI1-n3il

N3(=031+n3C1

DAY sININE(NAG=3 DURNAGENIN1IBi {6, DUFIP LENINPHNASY ) /DL
N&aC1=~3.NO0ENITANALwN21+2, D054 0212231 +DAM+2 . DOENLH2=2 [NO/IN75553)
DU4= (NAGENAL 146 . D02 NASEN2C+E L D0%NAGENSCHL L DO=NAZ (=D41 1+04C 1) D4l
11 /11.00=-4,NNENAT] )

CALCULATINN OF THF THITIAL 51H RERTVATIVE LF 1

051=0.00

D511 ={DIN*(MA6-4 . DU=NASENEIN}+4,DOXNALZD] - 3+ {D3+2 NNV )5 {4,100
15DA4=12.D0=N&32DINYI/DIN]
D&l=NU&4/DUIL-D41]
D4C=Dal+NeC]

DUS= (DAT%DAML+5.N0%DA6=N2C+10, DO=NASENICH L0 HOENALENLCHY NN Fa
1{-D511-4.DNEN41%D21+12.M0%D31#021%NZ1 -3 ,N0=NIL4NAL=h N0 (NP ] b ) +
2D4N-4,D0%N3N*DIN=6,DONINZ+6,D0/ NI S &) 1+NO] ) /{1 aND=n () xNE3])

START 0OF INTEGRATION PROCEDURE

WRITE (6,180)

FORMAT t1H )

WRITE (6,101}

FORMAT (1HO,44HSTART OF INTEGRATION FRU Se4(X) = 0 TU MUOSE//)

HRITE {645}

FORMAT (5X¢1HX¢5X g LOHTHETA{DEG) 44Xy BHCP{RUDY) 45Xy 6HLPLID) 46X y6HUP L
120 46X 6HCP {301 46X g 6HCP AN y&X4GHCPIBD ) e Xy 6HLPIEN) yAX p6HCP {T711) 4 AX
2y6HCPLADY/)

OY{1})=DU

PREFY(1)=1.D0

OPR4T{1)=n75S

DPRMTI21=NZ0

DPRMT{3}==-,001D0

DPRMT (&) =1.D=6

ND [V =]

CALL NHPCARINPRMT NYDDFRY HUIM, THLF ¢FCT, TP, 1AV

IF{THLF.GT.10) GD 1D 1N

IF(MK GTL1) GO T0 10

WRITF (&,1R0)

WRITF (6,103)

FORMAT (1HN,44HSTART OF INTEGRATION FH{F1 S'3{¥) =  TO Y/ IL//)

WRITE (645)

NPRMT L] }=N7S

DPRMT{2)=N7¢F

NY (1)=ny

TF{DMRI,FO.0.) G0 TO 922

MRMzM 1

DR TE=mMQM

DHRTF=NHKTFrars

DHR M= DMI

CINT THIF

NPPET(3)=.00100

NPPMUT{L)=] N-r

ODERY([1i=1.0N

AMoe =l

CALL DHPCO{TPHET (DY DINFRY y DL, THLE 4 FCY , MITO, DALY}

TRITHLFLGTLY9) fnpan 10

TR My FL2) 60 Th 26

IF(MMGEN,3) GO TN =
728 GO TD 10
24 DY {1}=nV
DPPRMT(1)=NV3
M=
WRITF (6,4199)
199 FORMAT (LHN,31HSTAKT NF UL kSO]C COLCWE wT10M)
WRITF (6,19R8) Nv3
198 FORMAT (1HO¢3THSUPFPSNNIC ( LCULATEOR STARTC AT X = 4N12,5//1
WRITE (6451
&N TN 27
30 ASL=(DX12=DXL1) /(DU -NIIP)
DSH=NSL={NUU2+N]14)
DX3=NX12+DSH
DX4=2.N0%NX3-DX12
WRITE (6,205}
205 FORMAT [1HO,29HSTART OF SURSNAEIC CALCULATIONY
WRITE (6,509) Mx3
509 FORMAT (1HO,35HLNG ARGHMENT (H:M=1+KU) = O AT X = 4D1245})
WRITF {6,510) Dx4
510 FORMAT (1HO,3S5HSURSOMIC CALCHLATION KFGINS AT X = 40D12.5//)
DY{1)==-DUl2~2.NO* N1~
DPRMT {1} =NY4
Mid= 1
HURITE (6,45}
GO TN 27
600 FORMAT [IH] 435XATHCALCULATION OF THE SURFACF AND FLOW FIELD PRESSU
IRE DISTRIARUTION FOK /3AX6THFREE STREAM ACH MUMRERS AT OR NEAR 1 A
2BOUT & WONLIFTING PARARNLIC- /36XA2HLRC FORY, WHICH HAS AN ELLIPTI
3C CRASS SECTINT THLT R/ TRTAINS 4 /36X63HCONSTANT RATIO DF MAJDR TN
GHTNNR AYES ALNNE THE &uTIPFE L= w.TE OF /3AX6OHTHE RNNY, RY LSING TH
SF MFTHRN N&E LRCAT | ART7ATINE AMD THE /36X2&4HTRAMSNWIC EOUTVALEN
ACE RLILE//7)
&0 FORMAT (1K 4 35Hc0Y , 'n FLGw FIELD CHARACTIRISTICS//)
A02 FORMAT (1K G31HEETIC NF BAJOR TG HIMOR 7¥FS = ,6X,N17.5)
603 FNRMAY (1H ,3FURINE0eSS RATIN AF FNUEVALF T RONY = 4,N12,5)
604 FORMAT (1H 420HS''(3) = 0 /T X/L = ,16X,M12,5
ADS FORMAT (1H 4 2AXEATIOC OF SPECIFIC HEATS = 410X,D12.5)
606 FNRMAT (1¥ (248HFREE CTREA #/,CH NUMREE = +10X,N12.5)
aN4s WRITF {6,600)
400 FORMAT (1HO,404F H'EWESS RATIN MUST HBF GUFATFR THAN ZFRQ)
GO 10 10
305 WRITE (6,401)
40l FORMAT (1HN,B54HRATIO OF MAJOR TR MINMR AYES ©IST RF GREATER THAN 7
1FRO}
GD TN 10
307 WRITE (A,403)
403 FNRFAT (1HO,AOH [RIFPVAL STZE FOR PRESSHPE RISTRIRUTION PRINT=OUT
1MUST RE CGPEATFR THr™ 0 AND LESS THAK 1 )}
6N TH 10
Ewp

SHRRNUTIWF FLT (DX, NY,NZ)
IMPLICIT REAL:A(N)
NILEISTRM DY) ,07 (]
VSRS T DT Ly 174 DZS DL 0112y DUBy NG NIIR, -
i /[/ e
COlE N JF/ W,V
TEADABSIM =NZSY,LF o6, ne=3) 60 P |0
Nr=NSBI{NY)
A 1=0SIPI (X}
DEZ=NS2P [ (NYy)
N 3=NS3E[(NY ]
IFir Fno1) £ TR
TR(V,E0,2) D T00 7
TF(r.FN 3y a0 70 =
1 IR(NX=I7¢ ) 20,70 , -

g xtpuaddy



20

3

2

50
60

N

7

2

80

3
5

10

50
60

-n

100
101

101

NZ UL 1=NALEDAZ/NA+DEXP LLAYI LT+ =0T TLF =1 72
RETIPWH

PU=DHENK=]  AO+NKENY [ ])

TF{NIU) 2n,20,40
DZH=NA3IENLACINIIENA/ IDXENX T Y+NA2E INAL/OA=2 . NO/NIX )+, 00 11T L)
NZ{1}=DA1SNA2/DA+NEXP LIDY{ L) +DP14=NINT (DX I=DA2=DLNRIN] op /v )Y/ 062)
DIFF=NIH-NZ (1)

IF(DIFF) 60,60,50

RETURM

M=2

MM=2

nv=nY (1)

PV3=0x

RETURN

DUU=NM=0M=1.DO+DK=DY (1}

TF{DhUU) 8N,R0,70

NZ (1) =DA3XDLOGINUUANA/IDXENX Y J+DA2E{NAL/NA=2 , D0/0X )47 J00E01 1T (0x )
RETURM

M=3

MM=3

RETURN

DUU=1 .NO~NMEDM-DK=DY (1)
DZ(1)=NA32NLOG(DUU=DA/{DXE{]1.D0O-NX}}1+VAZE{NAL/DA=] PO/NX+] .0

DL /vy o0

1/7{1.00~DX}}+D1INT(OX}+DLIINTLIDX)

RETURN
DZ{1)=DUI+DUZ%(DX~DZS)+DU3={ (DX=DZS)#521/2 NO+DULS ([ NX=~NZS J=w4)/

16.00+0US= ({DX~NZS) =4} /24.00

RETURN
END

SUBROUTINE OUTP{DX,DY,NDERY, IHLF ,NDTM ,DPRHT)
IMPLICIT REAL#8(D),COMPLEX=16(C)

DIMENSION DY(1),DDERY{11,DPRMTI5),DCPELA},DTHL{4),CL 14} RII4)
COMMON /E/ NX11,DX12,DUUL,NUU2

CNMMON /X/ DL,DL1,DL2
COMMON /Y/ C1,DTHL,NRB
COMMON /MRMC/ DWRTE,DMRM
DX11=0X12

NX12=DX

DUUL =DUN2

PUUZ=DY{1)

IF{IHLE.&T.10) GO TO 10
TF(DXsLE+.01.0R.DX.GE..99)
IF (DMRM) 50,30,60
IF{DX.GT.NHRTE) RETURN

60 T0 30

IF(DX.LT.DWMRTE) RETURN
NCP1=2.D0%NY (1}
DA=2.002DS2PI (NX
DB=NRSO{DX)
DRF=.5N0&NL2/ (DX (1.N0-DX) )
DO 1 I=1,4

CR=DRB(1)*C1{1)

CALL CPFLD(CR,NF1,DF2)
DCPB=~DAZNF1+DR=DF2~NCP

DN 2 J=1,R

nJy=J

CR=DREEDJECL(T)

CALL CPFLN{CR,NF1,NDF2)
NCPF{J}==NAXDF1+DR*DF2-NCP)
HRITE (64100) DX,DTH1{11,NCPR,DCPF
FNRMAT (1H ,FA.5,1X1PNL144,1X,9(1X,1PD11.4})
WRITE {6,101)

FNRMAT (1HO}

PHRTE=DRRTE+OMRN

RETURM

URITE {6,107}

60 T 30

Tz

Fore pd LL cafedl T e oo 1
K ConSm 3 Trrwadinn f1¥ha b
27F (annl} Te TR

LY TR0

(8]

SUURNITINE CPELIC<,NFL,NF2)
[¥PLICTT PEALTR (M) CoapLkXT1AIC)
16 DOON IS ,,CNSNET

TSI IS

ri= r=ni ]
CR2=CLSIFTICY])
CRI=NCAMPN(CP )
CRG=CPHCR?
CR&=RCAMJG (22 )
Ce6a=1,DO/(CR2:CRG)
CrT=NCONIGLIRAY
n1=CR4%=CRYS
DE1=NLAG{RT/ (4,00)1))
n2=nL1={CRe+CFT)
N3=CR?<CRA
N4=nL/ N3
NF2=N2~-N&

RETURN

EMD

FUNCTINN DINTINT)
IMPLICIT PFAL%R(D)
COMKMON /CC/ DTAUZ

Tt bt aNSk AL
Bpfpes TH B1S01y

DINT=12.N0=NTAURENZE(~1.0N+],5NN=NZ )

RETIRY
Fain

FUNGTINS NIMT) {NX)
[P ICTT REAL=R (D)
C0R&NN /CC/7 NTANZ

DINTL=12.00ENTF02:2{ ,5N0=2,D0ENX+1

RETHRN
Frn

FUNCT TN DLINT (DX}
THPLICIT FFRAL®R{DN)
COMMON /CC/ DTAU?

DLI=T=12005DTAU2 (=], NN+3,NNENX)
RETIPN

FMD

FIPTi YT T (ng)

T LLTICEY »esp. (n}

Cacane /007 NTAU2

GUITE= )2 0T A . ( e 00 )
T T

SDNEYXEIN)

Tin

AT

©

-

g ¥tpusddy
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FUNCTI1ON DRSN(NZ) FUOGLTING NSERT (7))
IMPLICET REAL*R(D) VaLIGIT DRFLEs (N
COMMON /CG/ NTAU2 BS6D [ 20,10
NS1=1.D0-2 .NO*DZ RETHE
DRS0=4,D0#NTAU2=NS 1#DS 1 =

RETURN

FND

FUNCTION NS7RT{N7)
ESPLICIT sFfLnain)

FUNCTION DSPT(DZ} NS tEl=N, NN
IMPLICIT RFAL%8(D} DETI"
COMMON /CC/ DTAUZ EMp

DS1=DZ*(1.D0-DZ}

DSP1=DTAUZ2%NS1*0S]

RETURN

END

SURBAITNF NHPCGIPOML 3 19DER T 3 MDD 1My IHLFsFC130u 1P rAual)

THE JMTEARATING 5MPAUT [ME DHDCH (DOJRLF PRFCISTION VFRSION) USED WITH
THIS BRNAPA™ 5 THFE SAMF AL (oD [N THE PROGRAM FOR CALCULATING
SURFACC ZNO FLNy FIFLN PRELLURE NISTRIPLTIONS FOR FREL STREAM MACH
MJHREDS AT NR MFAR ] NN SACLIFTINS 2ADIFS OF REVOLUTION HAVING OR=-
CITIATFS ? FRODPTRTIOMAL T7 X—K#¥. OR J=X=[]=K)*%N

FAR A LISTING o8 THIS SJRRCUIIHE SFF THAT PROGRAM

FUNCTION DSIPL(DZ)

IMPLICIT REAL%B(D)

COMMON /CC/ DTAU2
DS1P1=2.D0%DTAU2%DZ%{1.D0-DZ)#%{1.N0-2.00%N7
RETURN

END

IR IR IR TR

FUNCTION DS2PI(DZ)

TMPLICIT REAL*8(D)

COMMON /CC/ DTAU2
DS2P1=2.D0*DTAU2*{1.D0~6.D0%DZ*(1,D0-DZ )}
RETURN

END

FUNCTION NS3P1(DZ}

IMPLICIT REAL#8(D)

COMMON /CC/ DTAU2
DS3P1=12,N0%*DTAU2%(2.D0%DZ~1.D0)
RETURN

END

FUNCTION DS4PII(DZ)
IMPLICIT REAL*8(D)
COMMON /CC/ DTAU2
DS4P1=24,Nn0*DTAU2
RETURN

END

FUNCTION NSSPT(NZ}
IMPLICIT REAL*R(N)
DS5PI=0.D0

RETURN

END

g xTpuaddy
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BERFRuTE T AL TARERE

11

REEL IS LTS ax

L=

o

PH{4KRLM FNR NETRPLIMING THE SURFACE PRESSURE DISTRIBUTIONNS FOR FREF
STREAM MACH NIIM4ERS RELOY THE LOWER CRITICAL ON LIFTING PARABOLIC-
ARC HODIFS, WHICH HAVE ELLIPTIC CRNSS SECTIONS THAT MAINTAIN A
CONSTANT RATIO DF MAJOR TO MINOR AXES ALONG THE ENTIRE LENGTH OF
THE RONY, RY USING THE METHOD OF LOCAL LINEARIZATION AMD THE
TRANSONTIC. FNIIVALENCE RULE--FOR REFERENCE SEFE SPREITERyJ.Ra. AND
ALKSNE y ALY, sNASA TR=R2 AND HEASLET,M.A. AND SPREITER,J.R.yNASA
TR=1318

SEETHE At Ra R RRRR X FRE R A XS ENE Bk
THE INPUT DATA FOR THIS PROGRAM ARE ALL REAL CONSTANTS AND ARE IN-
PUTTED ON TWO CARDS AS FOLLOWS

FIRST CARD

COLUMNS 1 TN 10--FREE STREAM MACH NUMBER

COLUMNS 11 TO 20--RATID OF MAJOR TO MINOR AXES OF ELLIPTIC CRNSS
SECTION

COLUMNS 21 TN 30--FINENESS RATIO OF EQUIVALENT BNDY OF REVOLUTION
COLUNNS 31 TN 40-~INTFRVAL SIZE AS FRACTION OF BODY LENGTH FPR
PRESSURE NISTRIRUTION PRINT-OUT

COLUMNS 41 TO 80~-FMIR ANGLES OF ATTACK (IN DEGREES) WITH EACR
SUCCESSIVE ANGLE DCCUPYING A SPACE OF 10 COLUMNS

SECOND CARD

COLUMNS 1 7O 50--FIVE ANGULAR LOCATIONS (IN DEGREES) ON THE BODY
SURFACE WITH EACH SUCCESSIVE ANGLE OCCUPYING A SPACE OF 10 COLUMNS

THE DUTPUT PRESSURE DISTRIBUTIONS ARE GIVEN ON THE BODY SURFACE AY
THE FIVE INPUTTED ANGULAR LOCATEONS OF THE AIIMUTHAL ANGLE, THETA,
IN YHE CROSS FLOW PLANE AND FOR THE FOUR INPUTTED ANGLES OF ATTACK

BEERRAEERORIFETEEEF RERT L DS EWERER R

HAIN PROGRAM

IMPLICIT REAL*BID)

DIMENSION DPRMT(5),0Y{1},DDERY{1},DAUX(16,1)
DIMENSION DO (5),DQ1{5),D02{5),DTH(5] ,OTHLIS)
DIMENSION DALPHA(4),DALPH1{414055Q14),D5C{41,DCSQ(4)40S(4},DC14}
EXTERNAL FCT,OUTP

COMMON DLL1

COMMON /A7 DLM,yDK

COMMON 7B/ MM

COMMON /CC/ DTAUZ

COMMON /H/ DQ4D01,002,DSS0,DSCyDCSDsDALPHI
COMMON /MRMC/ DWRTE,DMRM

COMMON /07 DLDLL+DL1sDLZ,0L3,DL4

COMMON /P/ DTAU

READ (5,100) DMsDL,DF,0XyDALPHA

FORMAT (8(N10,2))

READ (54110) DTH

FORMAT (5(N10.2})

WRITE (64400}

IF{DF,LF.N.] GO TO 304

IF(DLLLELD.) GO TO 305
TF(NM.GF.l.oNR.NMLLELOL) 6N TD 306
IFIDX,LE+0..0R,DX.GEols) GO TD 307
NP123,141592653589793D0

DGAMMA=] ,&ND

DMM=NX

DZ0=,0200

DZF=,98D0

DTAI=1.00/0DF

NTALIZ=0TAUEDTAL

DR B LEDLES BNyl

ALLOHLEFIRA (1)

?211374R654051871D0
DLL=OLOGIINL+1 N0 )= {DL+1.00)/t4,D0%DL))
NLLl=pLL

NLYI=NL=>NL=1.DN

faXaKsl

10

R

DL2=DL¥%4=-1,D0L
DL3=(DL=%2,5D0)*{DL+1.N0}
DL4=DL* {DL#*3+DL+2.00}

DO 102 I=1,5
DTH1(1)=DTHII})
OTH(1}=DPI%DTH(1}/180.D0
00 399 K=1,5
DR(K)=DCPTKS{DTHIK})
NOL(K)=DCPLLIDTHIK)}
DO2(K)=DCPL2(DTH{K)}

399 CONTINUE

39

92

92
18
10

2
10

@

—

0

o

1

w

3
3

~N

DO 398 I=1,4
OALPHLI ) =DALPHALI)
DALPHA{1)=DP1®DALPHA{1)/180.00
DS (I}=DSIN(DALPHA(I}
DC(1)1=0COS{DALPHALI))
DSSO(I11=DS{11eDS{])
DSC(1)=DS(1)*DLLT)
DCSOtD)=DC(T)*DC (1)

START OF INTEGRATIDN PROCEDURE

WRITE {6,601)

WRITE {6,602) DL
WRITE (64603) DF
WRITE (6,608) DIS
WRITE (64605) DGAMMA
WRITE (6,606) DM
DHRM =D,

1F{NMM=-,.001) 920,920,921
N TE=DIS/DMM+1,
MRM=DWRTE

DWRTE=MRM
DWRTE=OWRTE£DMM+,001
DMRM==0MM

CONTINUE

HWRITE 16,180)

FORMAY (1H )

WRITE (6,101)

FORMAT (1HD 44HSTART OF INTEGRATION FROV S't(X) w0 FQ NOSEL/?

WRITE (6,5) DTHL

FORMAT (1H 46X, 1HX¢BXo10HALPHALDEGY 5 (2X,3HCP (,Fbe194HDEGIN/)

DY(11=0.00
DDERY{11=1,00
DPRMT(1)=DZS
DPRMT{2)=N20
DPRMT(3)=-,00100
DPRKT (u)=1.N=6
NDIM=1

CALL DLHPUGIDPRMT,NY,DDERY NDIM, IHLF,FCF,OUTP,DAUX)

TF(IHLF.GT.10) GO TO 10
TF{MM.GT.1) &0 TN 10
WRITE (&6,180]

WRITE (6,1N3)

FORMAT (1H0,44HSTART OF INTEARATION FROM S?''(X)

WRITF (645) 11
nY(1)=0.n0
DDERY(1)=1,D0
DPAMTI1Y=07S
DPRMT(2)=0ZF
DPRMT(3)=,00100
DPRMT(4)=1.0=-6
NDIM=1
IF(DMRM.E0,0.} GO TO 922
MRM=MRM-]
OWRTE=MAM
DHRTE=DWRTF=NMM
DMRM=NMM

CONT INUFE

CALL NHICRITPRMT DY oDDFRY,NDIMy THLF,FCT, NUTP, DAUX)

GO T 10

€ xppueddy
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600 FORMAT (1H1,35XATHCALCULATION OF SURFACF PRESSURF DISTRIRUTIONS FO
IR PURELY SIRSONIC  /36X6AHFLOW ARMUT A LIFTING PARARMALIC-ARC BOM
2, WHICH HAS AN FLLIPTIC CROSS /36Xe2HSFCTIIN THAT MATRTAINS A COUS
3TANT RATIO OF MAJOR TO MINDR AXES /36X65HALANG THE ENTIRE LFNGTH N
4F THE BODY, BY USING THE METHOD OF LOCAL/36X48HLINEARIZATION AND T
5HE TRANSONIL ERUIVALENCE RULE///)
601 FORMAT f1H ,35HRODY AND FLOW FIELD CHARACTERISTICS//)
602 FORMAT (1H ,31HRATIO OF MAJOR TO MINOR AXES = 45X,012.5)
603 FORMAT (1H ,36MFINENESS RATIOD OF EQUIVALENT RODY = ,112.5)
504 FDRMAT {1H ,2DHS'V(X} = O AT X/L = ,16%X,N12,5)
605 FORMAT (1M ,26HRATIO OF SPECIFIC HEATS = ¢10X,D17.5)
606 FORMAT (1H o26HFREE STREAM MACH NUMRER = ,10X,012.5)
304 WRITE (6,400}
400 FORMAT (LHO,40MFINENESS RATIO MUST BE GREATER THAN ZEROD)
G0 70 10
305 WRITE (6,401)
401 FORMAT (1HO,S4HRATIO NF MAJOR TO MINOR AXES MUST BE GREATER THAN I
LERG)
G0 TO 10
206 WRITE (6,402)
402 FORMAT (113H FREE STREAM MACH NUMBER MUST BE GREATER THAN O AND LE
1SS THAN THE LOWER CRITICAL MACH NUMBER WHICH IS LESS THAN 1)
G0 TO 10
307 WRITE (6,403}
403 FORMAT (1H0,89H INTERVAL SIZE FOR PRESSURE NISTRIBUTION PRINT-OUT
LMUST BE GREATER THAN O AND LESS THAW 1 )
G0 TO 10
END

SUBROUTINE FCT(DX,DY,DZ)
IMPLICIT RELL=E(D)
DIMENSION DY (1),DZ())
COMMON /A/ D1M,DK
COMMON /87 MM
COMMON /E/ DEF
DA=DSPI (DX}
DA2=DS2PI(DX)
DA3=DS3PH{DX)
DEF=DA2% (DLOG{DA/ (DX (1.D0-DX)})+3.00}
DUU=~DIM~DK#(DY{ 1) +0EF)
TFIDUU) 242,41
DZ(1)=DA3&PLOGIDUU}
RETURN
2 MM=2
WRITE (64700) DX
700 FORMAT(1HO,43HLOG ARGUMENT (1-MxM-Kti) IS NEGATIVE LT X = ,N12.5)
WRITE (6,701)
701 FORMAT (1K ,T2HPROGRAM TERMINATED BECAUSE INPUT M.{H NUMBER GREATE
IR THAN LOWER CRITICAL)
RETURN
END

-

SUBROUTINE OUTP(DXyDY¢NDERY s IHLF,MDTH, DPRMT )
IMPLICIT REAL*B(D)
DIMENSTON DY {1},DDERYIL),DPRMTIS),Di {5),N0L15) 4Nz iR),NCPI5)
DIMENSION DALPHL(4),DSSN{4},DSC14],0CSC (4]
COMMON DLL1
COMMON /E/ DEF
COMMON /H/ DQ4DO14DA24DSSOyDSC,DCSO,DALPHL
COMMON /MRMC/ DWRTE,DMRM
IF(IHLF,GT.10) GO TO 10
JFIDX.LE.sD1.0R.DX.GE.499) GO TO 30
IF [DMRM} 50,30,60

S0 JFIPY.GT.NMPTE) RETYRM
fpg TN 2n

AC TFUDY.LTJAWETE) RETURN

30 DU=DY(1)Y4NFE

DCP1=2,.n0xny

D2=NR{DX)

D1=02%02

D3=2.D0*DLL1*DS2P1(NX)

WRITE (6,3)

FORMAT (1HO)

DO 1 I=1,4

00 2 J=1,5

DCPI ) =—-DCSOTT I*INLPI4DI+DIFDOII} I =DSCL Y I=N2=DDI 1 JI-DSSOLT 1#DY2 (I)

CONTINUE

WRITE (6411} DX,DALPHL(1),DCP

FORMAT {1H ,D12.593%,010434513X+D12,.5))

CONTINUE

DWRTE=DWRTE+DMRM

RETURN

10 WRITE (6,100}

100 FORMAT {(1H0,74HINTEGRATION TERMINATED BECAUSE ACCUMULATED ERRURS H
1AVE CAUSED INTEGRATION /1X55HSUBROUTINE TO RISECT ORIGINAL STEP SI
2ZE (.001) 10 TIMES )

GO TO 30
END

w

N

-
—-

FUNCTIDON DCPTKSIDTHETAY

TMPLICIT REAL%B(D)

COMMON 70/ DLyDLLsDL1+DL240L3,NLE
DS=NSINIDTHFTAY}

DSSR=NS*¥DS
NCPTKS=2,N0-DL2(14DO+DLIEDSSO) /{1 DO4DLZ? *S&¢ )
RPETURN

END

FUNCTION DCPLLIDTHET/)

IMPLICIT REAL%8(D)

COMMON /D7 DL4DLL,DLL,DL2,DL3,DLG
DS=DSIN(DTHETA)

DSSQ=DS #DS

D1=DSORT(1.DO+DL1*NSSC:)
DCPL1=24.00%NL3%N]12DS/{1.D0+DLZ¥DSSN)
RETURN

END

FUNCTTON DLPL2IDTHETA)

IMPLICIT RFAL%B{D)

COMMON /0/ DL+DLL,1LY4NL2,DL3,DL&
DS=DSINIDTHETA)

DSS0=D5*DS
OCPLZ={DLA(NL+2.D0)=NL&ENSE0) /{1, Dyu+IL 2NSSN}
RETURN

END

FUNCTIC™ DR{DZ)Y

IMPLICIT REAL=R{D)

COMMPIY /Py PTAY
DR=2.00#DTAU%(1.D0=-2.NN=NZ )
RETURN

END

€ xtpusddy
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FUNCTINN DRENINZ)
TMPLICIT REAL2RD)
COMMPN /CC/ NTRUZ
NSi=1.Nn0-2.N0>NZ
DRSN=4,DO=NTANZ2DS 18NS
RETURN

END

FUNCTION DSPIIDZ)
IMPLICIT REAL*B(D)
COMMON /CC/ DTAUZ
DS1=NZ*(1.D0-DZ)
DSPI=DTAUZ*NS 1*DS)
RETURN

END

FUNCTION DS2P1(DZ)

IMPLICIT REAL*B(D)

COMMON /CC/ DTAU2

DS2P1=2 ,DO=NTAUZ2%{1.D0-6.D0%DZ=(1.10=-12))
RETIIRN

END

FUNCTION DS3P1I(DZ)

IPLICIT REAL*8(N)

COMMON /CC/ DTAUZ2
DS3P1=12.N0*DTAUZ*(2.D0*DZ~1.D0)
RETURN

END

SUPRNUTINF DHPCGIPRMY s YsNFRY sMNIMy THLF s FC 190U 1P »AUX)

THE INTFARATING SU2ROUTINF DHPCC (DOUBLE PRECISION VERSION} USED WITH
THIS PRNGRA™ [5 THE SAME A5 USED IN THE PROGRAM FOR CALCULATING
SURFACF AND FLAx FIELD PRESSURE DISTRIPUTIONS FOR FREE STREAM MACH
NURERS AT NR NEAR ] ON NOMLIFTING BODIES OF REVOLUTION HAVING OR=
CINATES R PROPORTIONAL TQ X-X##h QR 1=X={1-X)#%N

FOR A LISTING OF THIS 5U3300TINE SEE THAT PROGRAM

4 xTpusddy
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PROGRAM FOP DETERWMINING THE SURFACF PRESSURE DISTRIGHTIONS FOR FREE
STREAM MACH MIKI“ERS ARNVE THE UPPFR CRITICAL DM LTSTI'-(- PAPARNLIC-
ARC BONIES, wHICH HAVF FLLIPTIC CPI-sS SECTIONS To/ 1 FATNTAIN A
CONSTANT RETIO NE MAJOR TO MINOx aXES ALOMG THE EMTIRE LENGTH NF
THE RONY, RY USIMG THE MFTHADN OF LOCAL LIMEARTIZETTIM GND ThE
TRANSONIC EONTVALENCE RULF-~FIF REFERENCF SFF SPFFITER,J.R. AN
ALKSNE 34 Y. NASA TR=R2 AND HEASLET,M.A, AND SPREITFE,J.R.,HASA
TR-1318

WA
THE INPUT NDATA FNR THIS PRIPA
PUTTED CF TWU CALRD> AS FOLLOwWS
FIRST C4on

COLUMNS 1 TN 10--FREE STREAM MACH MUMBER

COLUMNS 11 TQ 20-~~RATIN OF MAJOR TO MINOR AXES OF ELLIPTIC CPNOSS
SECTION

COLUMNS 21 TO 30--FINENESS RATIO OF EQUIVALENT BNRY NF REVOLUTINM
COLUMNS 31 TO 40--INTERVAL SIZE AS FRACTIUN OF BNDY LENGTH FOR
PRESSURE NISTRIBUTIAN PRINT-0UT

COLUMNS 41 70 80--FOUR ANGLES OF ATTACK (IN DEGREES) WITH EACH
SUCCESSIVE EMGLE NCCUPYING A SPACE OF 10 COLUMNS

SECOND CART

COLUMNS 1 T¢ 50--F{VE ANGULAR LOCATIONS (IN DEGREES) ON THE BODY
SURFACE WITH EACH SUCCESSIVE ANGLE OCCUPYING A SPACE OF 10 COLUMNS

PR TR

EEEE

ARF ALL REAL COMSTAI'TS AND ARF Ih=

THE OQUTPUT FRFSSURE DISTRIBUTIDNS ARE GIVEN ON THF HBNDY SURFACE AT
THE FIVE IMPUTTED ANGULAR LOCATIONS (IF THE AZIMUTHAL ANGLF, THETA,
IN THE CRMSS FL”W PLAWF AN FOR THF FOUR INPUTTED ANGLES NF ATTACK

EE T L S L 2 L e DR e

MATN PROGR AN

IMPLICIT REAL*8(D)

DIMENSTON DPRMT{5),0¥{11,DNERY(1},PAUX (16,1
DIMENSINN DO(5),DN1{5),D0215),DTHI5),DTHL(5}
NDIMENSION DALPHE(4)¢DALPHL(41,DSS0(4),DSC(4),NCSH4) NS (4),NC (&)
EXTERNAL FCT,0UTP

COMMON DLL1

COMMON /A/ DiM,DK

COMMON /B/ MM

COMMON /CC/ DTAU2

COMMON /F/ DZS

COMMON /H/ D0O,N01,0N2,0S8S80,DSC,PCSPyDALPH]
COMMON /MRMC/ DWRTE s DMRM

COMHON /0/ DL,OLL,DL140NLZ2,DL3,DL4

COMMON /P/ nNTAU

READ (5,100) DM,DL,NF,D¥,0LLPHL

FORMAT (8({D10.2})

READ (5,110} NTH

FORMAT (5(D10.2}}

WRITE (64600}

IFIDF.LE.O.} :C TO 304

IF(DL.LE.O.) ~0 TO 305

[F(NDMJLEL1,) N TN 304
IF(DXWLELN. NP LY, GELYL) ¢ T 307
DP1=3.1415926535497930N

DGAMWMA=1,4D0

DMM=DX

NZ0=.02n0

D7F=.98n0

DTAH=1.D0/NF

DTAU2=DTAIIENT AL

DIM=DM:=DH-1.D0

DK=NM%DM2 ,4N0

MM= 1

N25=.211324R654051A71NN
DLL=DLOGE{DL4Y N0 Yz ENL+1,00 1 706, 00 gLy )
nLLY=NLL

[aXgXal

in2

399

92

92

=3

1°0

10

[ -

23
103

922

NL1=NL

L=1,.n0

DLZ=0 =x4=1 .00

NLA=(AL =0 8D {0+,
NDLEL=NL= (I %2340 +), 10 )
00 102 I=1,%
DTRI(T)=NTH{T)
DTH(T}=DPI=OTH{T} /L ROLT -
DO 399 K=1,5
DOTK)=DCPTKS(DTHIK )
DOLIK)=NCPLI{NTHIF) )
NOZ2EKI=NCPL2INTH(: 1)
CONT INDF

PO 398 [=1,4
DELPHELT ) =NALPHA(])
NALPHALT}Y=NPI=DALEr £ (T)/1R0LDO
DSTI)=DSIM({NALPHA(] }}
NCET)=DCOS(NALPHAL] )
DSSOUTI=DS1)*DS(1)
NSCE11=0S(1}=NC{T)
DCSO{I}=DC(TI%DC(T]

START DF INTEGRATIU ' FPACEDURE

WRITE (6,601)

WRITF (6,602) DL

WRITE (6,603) DF

WRITE (6,606) DIS

HWRITE (64605) DGAMMA
HWRITE (64,6061 DM

DMRM=0,

TF{DMM=,001) 920,920,971
DWRTE=DZS/DMM+1,
MRM=DWRTE

NHRTE=MRM
DWRTE=DWRTE*DM:-+,001
DMRM =~0OMM

CONTINUE

WRITE (6,180)

FORMAT (1H )

WRITE (6,4101)

FORMAT (1H0,44HSTART OF INTEGRATIIIN FROM S*1{X} = O TO NOSE//)
WRITE 1645) DTH1

FORMAT (1H 46X y1HX BXy 10HELPHAIDEG) +5{2X,3HCP(4F64l4HNEG) )/}
DY{(1)=0.p0

ODERY{1}=1.D0
DPRMT{1)=DZS

DPRMT(3)=
PPRMT{4}=1.D=-6

[DICEH!

CALL DHPCH{DPRMT 4 DY, NDFRY yNO Ty THLF (FCT 4 (11TP DAUX]
IF(THLF.6T.10) 6O TO 10

[F{MM.GT,]) 60 TO 10

URITE (6,180)

FRITE {6,103)

FORMAT (IH0,44HSTART OF INTEGRATION FROM S€1(X) = 0 TO TAIL//)
HRITE {645) DTHL

DY (1)=0.n0

PNERY (1
NPRIT(1)=N7S
NPR¥T{?)=PZF
NPR¥T(3)=,00100
NPPMT(4)=1,n-¢

LR S

TF(AMRMEN,OL) 6D TN 922
MR M= Mkt~ 1

DWRTE=¥RE
DHRTE=DWRT ExDMM

DMRM=HMM

CNNT INUE

CALL DHPCGIDPRFT, DY, DDERY y NIy THLE  FCT, NUTP, NAKIX)

a1 vrpunddy
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6 70 10
600 FORMAT {1H1,35X67THCALCHLATION DF SURFACK PRESShRr vilvak s 1]y F
1R PURELY SUSERSONIC /23AXARHFLOW ABRIUT A LIFI[AG PAR. (ILIG-u0 -0 Y
2y WHICH HAS AN ELLIPTIC CROSS /36XA2HSECTHINU THAT «wul TATAS & Cins
3TANT RATIN NFE MAJDE TN BIMPR AXES /36X65HALIING THF FaT IR LR MTH
4F THF BNDY, BY USING THF HETHIID OF LOCAL/36X4RHLIGEARIZATIIN achh 7
SHE TRANSNHNTC EODIVALENCE RULE///)
601 FORMAT (1H ,35HBONY AND FLOW FIELD CHARACTEPISTICN//)
602 FORMAT [1H ,31HRATIN OF FAJNR Th wiINIR AXFS = 43X, 2.5])
603 FORMAT [1H 436HFINENESS RATIN Nk ENUIVALF-T aiDY = (1112.5
604 FNRMAT {1H L20HSPY{X} = O AT X/L = ,16%,N12.5)
605 FORMAT (1% 426HRATIN NF SPECIFIL HRFATS = ,10X,D12.~
606 FORMAT {1H 426HFRFE STREAY wACH wilHER = ,10X,N12.5)
304 HRITE {6,4n0)
400 FORMAT ({1H0,40HFINENESS RATIN MUST RF GRRATKFR TH&! ZFRN1)
GO 70 10
305 MRITE (6,401}
401 FORMAT {1H0,54HRATIN OF MAJOR TD FINDR AXFS MUST K GORATFR Imdw 7
1ERO)
GO T0 10
306 WRITE (6,402)
402 FORMAT (1HN,10QHFREE STREAM MACH MUMRER HUST RAE GREATFR Jwp - TwE W
1PPER CRITICAL MACH MUMRER WHICH IS GRFATFR THaM | )
GO0 70 10
307 WRITE (6,403)
403 FORMAT (1HD,89H TMTERVAL S1ZE FOR PRESSDRE NESTRIANT [twe bl [mT-00T
IMUST RF GREATER THAN O AND LFESS THAM 1 }
GO Y0 10
END

SUBRDUTINE FCT{DX,DY,N7)
TMPLICIT REAL=28(D}
OIMENSION PY({1),DZ(1)
COMMNON /A/ DIM,DK
COMMON /B/ MM
COMMOM /E/ DHF
COMMON /F/ DIS
DA=DSPI{DX)
DA2=DS2PI{DX)
S3PTIDX]}
DHF=DA2#DLAG(DA/(DX¥DX ) }+2.00«DINT(DX)
DUU=DIM+EDK 2 INY { 1) +DHF)
IF{DUU) 242,1
DZ{1)=PA3ENLNGIDUL)
RETURN
MM=2
MRITE 16,700) NX
FORMAT (1HO,43HLDG ARGUMENT (Mxm=14+KI1) [§ WFGATIVE 7§ ¢ = ,017,5)
TF{DX~N25) 3,44,4
WRITF (6,711}
N1 FORMAT {1H ,ASQHPROGRAM TFRMINATEDN RECAUSF TMPDT JACH a1l =F | LSG T
1HAN UPPER TRITICLL )
4 RETURM
END

-

N

70

(=]

w

SUBRNDTINMF DUTPINX,DY,NNERY , THLF i L, UbR. T
IMPLICIT 2EAL=R{D}

DIMERSINA DY (1} yDNERY{L) ¢ DPRETIA ), [M{5) D01 (R) )5}, k(-]
DIMEMSTIM DALPH1(4)4NSSH{&),NSCL4) y00LSuia)
camunn DLl

CAMMON /E/ NHF

COMSAN /H/ DOLDNT D02, NS5 ,DSCLNCSN AL oL
CORianL Jprenr. NWRTH AL .

IFITHLF.GT.I0) 6N T 10

IF(hX. N1 gNK DX HF .89} 6N Ti) 40

TF{Ng) 50,30, 40

S0 IF{AXL T nweTEY PETHE
NN 30

A0 TENY LT OMITF) 2STHE s

30 NDU=pY{11+NKF

DCR] =7 .00N1

N2=nRN¥)

nl=n?2=ny

N3=2.0N=NLLT1sNS2P ] (NX)

MRITF [6,1)

FORYAT (1H1)

nN L Esh,a

nh 2 J=1,5

NCR{JI==NCSN ()= INCY ) +N34D1=D0( ) =NSC T =h2%N01 (J)=PSSN(T)=RD2(.})

CONTINGE

MRITF (A L1} NXyNaLv=1(1),DCP

FNRMAT (1H ,D12.5,3%,N10.3,513X,N12.51)

COAMTIMOE

YR TE=NWRTF+DMPI

RETURN

10 WRITE (6,10Q1)

100 FNR4AT (1RO, 74HINMTEGRATION TER.IMATEN RRCANSE ACCUWULATEN FRRURS H
TAVE CARSEN T TFGAATINN /Z1IXSSHSURROMTIME T4 RISECT DRIGINAL STEP S1
22F tL.001) 0 TIVES )

GN TN 30
FND

w

~

——

FUNCTIOM NCPTKSINTHETA)

TMPLICTT RFAL®ALN)

CNEMAM /N7 L, NLL y0E14PL24DL3 14
NS=NSIN(DTHETA)

n§SN=NS=NS

NCPTES=2 JNO-NL= 11, 10+NLL=ENSSN) /{1 DO+DLZ=NSSN)
RETURM

£ND

FUMCTIOM DCPLT(NTHFTAY}

TMPLICIT RFaL=H(H)

COMMAN /0/ NL,PLL,y0L1,NL2,0L3,DL4
NS=NSININTHFTA)

NSSN=NS=Ng

N1=NSORT {1 .,NN+DL1=DSSN)
DLPLYI=2.DANL3#N14N5/7{ 1.PO+DLZD5S0Y
RETHIRM

EnMD

FUMCTIN® ACPL2 INTReTA)

TRPLICIT 2FRAL=RIM)

CARM™ /07 DL,PLL,LL L DL2y DL 3y L4
0Ss=nST - (NT¥FTA)

ASSN=NSsng

PCPL2= 1L # 1ML 42 1) =L A%DSSN) /[ 1a 4125080 )
RETIRY

BN

FUNCTIN® B~y (n7 )

TYPLICET wa- =D}

AT
ENTAUZENL0 =14+ ], 500N )

g xypusddy
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FUNCTINN DRIDZ)

IMPLICIT REAL*B(N)

COMMON /P/ DTAU

NR=2 ,DO*NTAU* (1.D0-2,D0:=N0Z)
RETURN

END

FUNCTIONM DRSO(DZ}
IMPLICIT REAL*R(D)
COMMON /CC/ DTAU2
DS1=1.P0-2.D0%D2
DRSN=4.D0%¥NTAU2+DS1%NSL
RETURN

END

FUNCTION NSPI(DZ)
TMPLICIT REAL%*8{D)
COMMON /CC/ DTAUZ
DS1=DZ*(1.D0~-0Z)
0SP1=DTAU2=DS1%DS1
RETURN

END

FUNCTION DS2PI(DZ)

IMPLICIT REAL*B(D)

COMMON /CC/ DTAU2
DS2PI=2,D0*DTAUZ%(1.00-6.N0%0DZ*%(1.00~DZ})
RETURN

END

FUNCTION DS3PI{DZ}

IMPLICIT REAL%*8(D)

COMMON /CC/ OTAU2
DS3PI=12.D0%DTAU2%(2.D0*DZ~1.D0)
RETURN

END

SUBROUIINE DHPCGIPRM1 91 sDFR1 yNDIMs THLFsFC1 30U 1P rAUA)

THF [NTEGRATING SUBROUTINE DHPCG (DQU3LE PRECISION VERSION) USED WITH
THIS PROGRAY 1S THF SAMF A5 USED IN THE PROGRAM FOR CALCULATING
SURFACE AND FLOw FIELD PRESSURE DISTRIBUTIONG FOR FREE STREAM MACH
NUMBERS AT O NEAR 1 ON MONLIFTING BODIES OF REVOLUTION HAVING OR-
DIMATFES % PROPARTIDMAL TN X—X##N OR 1~X=(1=X)=*#N

FAR A LTSTIMG OF THIS SURRCUTINE SEE THAT PROGRAM

€ xtpusddy
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MAMAAAMAEANANNONNANANAOD DA NN ANan A

@
3+

AEEER LR ECR LT T AT SR AR

DESRRLT FAT NFETERYIMT YO B R L6 fal IR B |
STREAU SMACH -IIAFRS AT A Vo T e wp tAB T =30, s ey,
WHICH HAVE ELLIPTIC CROSS SFEATE 39§ Juo [ 1 AT4TAT o (1QF T 24312
DF FAJDR TP AJNNR AXES ALPNAE TA5 =nFier b @1- v Tk vy oy

IS MG THE CETHAN Nk LACAL LTVEA<IZATE + woh THE TIabGE alf 2000 e -

RULE==F(12 PEFFRFMCE SEF SPREITEZ,J.Re f D alkS -3 A0V o f68 TReg?
AND HEASLET, 4,8, AMD SO%ETTER, Joreqr ita T¥=13

THE INPUT 0ATA FAR THIS P02
PUTTEN NN TvA CARNS 84S FALLIVS

FIRST CARD

COLMNS 1 Tfi YO~=FRFF STREAL RACH Py ko

COLUMNS 11 TN 20==RATIA NE #AJO% THo“ 00 AYFS e BLLIRTIN (708s
SECTIAM

COLUMNS 21 TO 30--FINEMESS RATIN NF FOUSYALFRT my (0 e -LHT T
CALUMNS 31 TR &4N—=INTERVAL SI7E AS FRACTH OF Yy §-oudi Fiv:
PRESSURFE NISTRISGTION PRI (T~-0UY

COLUMNS 21 TO RO—-FOUK AMGLES NF aTTaCK (T “EGuSI <) - FTi 200w
SHCCESSIVE ABGLF ACCHPYTHG » SPACF IF 10 (41 <

SECOMD CA3D

COLHMMS 1 TN §50——F [VE AMGULAR LACATHR S {11 OSRAEFC) (b Tk= Blig
SURFACE MITH FACH SUCCFSSTVF ACGLE (OLUPYIas & SPAC- GF 10 AL F

ARE .LL

FHE OUTPIT PRESSURE DISTRIPLTINGS ARE GIVE. Tt THE AfDy <idRe
THE FIYE TMPUTTED AMGUILAR LOCATIONS NF THE 27T DTHAL /7 RLE,
1IN THE CRNSS FLNY PLAWE ARD FOR THE FUJY THPUTTRN nefLFt OF

FUT LR AEFELESTEETERRDINAFE PRERNHG LT

1o
100

110

KA N PROGRAK

TRPLICTT RFAL#2(D)

DIMENSTINN NPRUTIS5)¢DY{1) (NDERY{1),NALIX{14,))

NIMENSTON NOLS),DNLI5) P02 (5} ,NTHIS),NTHI S

DIHENSTON NALPHALL ) yDALPHLI4] TSSN{A1, S (4} (NS 4) (NS L6) N0 14D
FXTFRMAL FCT,OUTP

COMMON DLL1

COMMAN /A7 PHGDK N1 NIK,D2EyDIS s MIL 007y PUA, DHA DS
COMMON /B/ W1

coMeaN /RR7

COMMANM /CC/ DTALR

coMMaN /E/ PX11,NX12,DHU1,N01N2
COrBNM /F/ DV,NV3

COMMAIN /H/ 10,01 ,B02,NSSM NS, PLSH, DALPH]
COMROM  JUREC S DUMRTE,DURIM

CNMEOM /N7 “LyDLL,DLL14PL7,DL3,NL4
COMMOANM /P/ NTAN

READ {5,100} Dk 4DLyDF DX, DALPHA
FORMAT (R({N]N,2))

READ (5,1101 0T

FORKAT {51N10.2))

HRITE (hehnN}

IF{RF.LF.N,} 6D T 304
JF{NL.LF.N.) 6N T4 305
TF(PXGLF N, NRNX,GELLL ) BN TR 30T
AP{=3.16150745356GT43N0
DGAKin=] 400

DML=D)

NTAN=1.0D0/DF

OTAUZ=0TANZNT AU

AK=NMENYED 4D
B1=AK=T.TAINTZ2 417690 LGFNN

AL M= puENE =] NN

n24=n1%/nNK

0752 2113748658405] 27100

NZO0=,H2nn

N7E= 0800

nypz=rohn
NHYZ =000

b=l
nLL=nLnn(\HL+1.nn)u(uL+\.nu\/(k.nntvL])
ALLY =0 L

e
nN Y= INL+] 00
NLa=9LE {0 = 2L +2,00)

noo1eyY F=1,5
BTHI{FY=NTHIT)

107 DTHET)I=NDTERTHETYI/ 180,00
AN Ry K=,

PREFI=OEP TS (DTEER )
N1k ceLy (T =107))
nnzi NP2 INTEIRD)

3GQ APT] HE
M 3es J=leh
NALPHY 1V )=naypuetl)
DAL OHA(T]=02 s AL PARLTH/ IXG.P0
NS I I=NSIrALPRALL))
NCL1)=DCASINALPHACLY)
NSSATT =nS{i)=ns(1}
NSCIEY=NS(1)=nC{T)

294 NCSO{TY=NCITI=NCLT)

START NF INTREGRATIAN PPNCENURE

LRITF (Aeh0])

W] TR (A, ARD) W,
NRITE {5,40%) NF
WRTITE {fh,aN4) 075
HPDITE (f&NR} DAL 8
VEITE LhyhRE) ™

L001) 926,920,921
IS/NH-A+] .,

TF

P

LURTF:NMii+, 001
=4

9720 CORTIRIF

CLLCULATIA® AF F2FA AW NERTVATIVES OF AOFA AT XS

NA=NSPIIN7C)
NAI=0SIPTIIRTS)
PA2=[52PT(N7S}
NA3HIPIINIS)
NAL=N8apPT(N7S)
NAS=NSERT{N7S)
NE6=NSAPLLNTS)
NSTETINZS)
ILOGERLRNERTS)
IA1/NA

CoLinLATIOr 0 2 ITIAL VALUE AF U

[FIEET ET R LI R A VA

CALLULATIAY NE THE 1ST DERIVATIVF OF U

S DT ANy =] S JR0EDLS )Y

JE ML T s T (e —GARE (LD ML) 4 b= 1)/ {1 =nA3)

d xypusddy
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[aXsX3l

ocoo

aoo

ooon

oo

1F(PARS(DULLI=NUL).LT.1.D-10) GO TO 14
hul=DULl

N=N+1

IF(N.GT.11) GO TO 200

GD TO 13

200 WRITE (6,104)
104 RORMAT {(1HO,4X73HPROGRAM TERMINATEN RECANSE I ITEZL NERIVATIVE NF

1U AT S**(X) = O REQUIREN /5X6BHFOIR TAYLNP SKRIFS START AT ThAT PAJ

2NT CANNDT BE DETERMINED TO WITHIN /5X36HSUFFICTIFIT ACCURACY [~ 1D

14

180

9

-

n

rd

31TERATIONS)
IFIN.GT.11) GO ¥0O 10
DU1=DU11

CALCULATION OF THE INITIAL 2ND DERIVATIVE 0F U

D21=36.D0%DTAU2

DA31=DA3/DUL

DAM1=DAM+DLOG{DUL)
QU2={DA4*DAMLI+2,D0=DA3% (DIN%®(1.D0-DA31 )-1.N0/NZSI+N21)/{1.N0=2,00
1xDA31}

CALCULATION OF THE INITIAL 3RD DERIVATIVF OF U

D31=0.D0
021=DU2/DUL-DA31%DIN
D2C=D21+01N~1.00/02S
DA41=DA4/DUL

}
D0/ (DZS*DLS)
DU3=(DAS*#DAMLI+3,00*DA4=D2C+3.00+DA3*(D3C1-D311)+N3[}1/(1.00-3.00%
1DA31)

CALCULATION OF THE INEITIAL 4TH DERIVATIVE 0(F U

041=0.00

D31=DU3/DUL-D3L1

D3C=D31+03C1

D411= (DLN%#(DA5~3.D0*DA4#D1N}+D3N# (6 . D0=DAL=NINZ +DA3) ) /DUL
D4C1==3,00%03 15031202142, D0* (D21%%3)+D3N+2 . NOXNINZ=2 DO/ (NZS*3)
DU4={ DAL*DAML+4,D0*DASSD2C +6 ,D0%DASENIC +4, NOENAIH (=NG11+04C1 ) +D4]
11/(1.D0~4,D0%DA31)

CALCULATION OF THE INITIAL 5TH DERIVATIVF OF U

D51=0,D0

DS11={DIN¥(DA6~4.DO*DASHDLIN)} +4,D0%DA4D1INMN3+({D3N+2,00¥DIN3)I* (4,00

1%DA4-12.D0%DA3*D1IN) } /DUL

D41=DU4/DUL-D411

D4C=D41+D4C1

DUS={ DAT*DAM1+5,D0*DA6%D2C+10.00%045%D3C+10.NO*DA4¥DLC+5.NO%NAZF

1(~0511-4.D0*D41*D21+12,00*D31%D21#021-3,N0%N31*D3]1-6,NN= (D21 %%4])+
2D4N=4 .DO*D3NXDIN-6.D0:DLIN2+6.00/ (DZS**4})+D51)1/(1.00~5.N0%NA3])

START OF INTEGRATION PROCEDURE

WRITE (6,180}

FORMAT (1H )

WRITE (6,99}

FORMAT (1HO,44HSTART OF INTEGRATION FROM S*'{x) = 0 Too WNSE//)
WRITE (645} DTHIL

FORMAT {1H 46X, 1HX8X,10HALPHA[DEG),5(2Xy3=CP{,Féa) 4HDPEG)) /)
DY(1)=0U

ODERY(1)=1.D0

DPRMT{1}=D1S

DPRMT(21)=DZ0

DPRMT{3)=-,001D0

DPRMT(4)=1.N=6

NOlM=]

CALL DHPCGUINPRMT, DY DNFRY 4MDIM, THLF, FCT,DUTP N Y)Y
1F{IHLF.6TL10) 6N TO 10

WRITE (6,180)

WRITE (6,97)

oy

922
27

28
29

30

205
509

510

6500

601
602
603
604
605
606
3N4
400

305
401

307
403

FORMAT {1HN,44KSTART DF FHTEGRATINN FRUM Seeix) = 0 T TAIL//)
WRITE {645} DTH1

DPRMT(11=n1S

NDPRMT (2}=N7F

nY{1)=n1)

TF{NMRM,ENLO,) GO TO 922

FRM=MRM=1

PHRTE= MRM

DWRTE=NWRTE=DMM

NMRM=DMM

COMT INUE

DPRMT(31=.001D0

DPRMT{4)}=1.N=6

DDERY(1)=1.D0

NDIM=1

CALL DHPCG(DPRMT DY DDERYNDIM,IHLFFCT,OUTP,DAUX)
IF{IHLF.6TL10) GO 70 10

1IF{MM.EQ.2) GO TO 29

IF(MM,EQ.3) GO TO 30

G0 TO 10

DY (1)1=DV

DPRMT{1}=NV3

MM=1

WRITE (645) DTH1

G0 TO 27

0SL=(0XI12-NXL11/{DUUl-0UU2)

DSH=DSL* (DUU2+D2M)

DX3=DX12+DSH

DX4=2.00%DX3-DX12

WRITE (64205)

FORMAT (1H0,29HSTART OF SUBSNNIC CALCULATION)
WRITE (64509) DX3

FORMAT (1HO,35HLOG ARGUMFNT (FxM-1+KU) = O AT X = ,D12.5)
WRITE (645101 DX4

FORMAT (1HO,35HSUBSONIC C/LCULATION BEGIMS AT X = 4012.5//)
DY (1)==DUU2-2 .DO*DZM

DPRMT(11=DX4

MM=1
WRITE (6+5) DTHL
60 TO 27

FORMAT (1R1,35X64HCALCULATION OF SURFACE PRESSURE DISTRIRUTIONS FO
1R FLOW WITH FREE /36XAL1HSTREAM MACH NUMRER AT 0OR NEAR 1 2R0OUT A L
2IFTING PARAROLIC-ARC /36X5BHRONY, WHICH HAS AM ELLIPTIC CRNSS SECT
310N THAT MAINTAINS A /36X61HCONSTANT RATIO OF MAJOR 7O MINDR AXES
4ALOMG THE ENTIRE LENGTH /36XS59HOF THE 80ONY, RY USING THE MFTHOD OF
5 LOCAL LINEARJZATION AMD /36X30HTHE TRANSONIC EOUIVALENCE RULE///)

FORMAT {1H ,35HBODY AND FLOW FIELD CHARACTERISTICS//}

FORMAT {1H ,31HRATIO OF FAJOR TN MINOR AXES = ,5X,D12.5)

FORMAT (1H ,36HFINENESS PATIO OF EQUIVALFNT RONY = ,N12.5)

FORMAT (1H L20HS''(X) = 0 6T X/L = ,16X,D12,5)

FORMAT (1H ,26HRATIO OF SPECIFIC HEATS = ,10X,D12.5)

FORMAT (1H ,26HFREE STREAM MACH NUMBER = ,10X,D12.5})

HRITE (64400)

FORMAT (1HD ,40HFINENESS PATIO MUST BE GRFATER THAN ZEROG)

GO TO 10

WRITE (64401}

FORMAT {1HO,54HRATIO OF MAJOR TO MINOR AXES MUST BE GREATER THAN Z
1ERQ)

60 T0 10

WRITF {6,403)

FNRMAT {1H0,89H INTEPVAL SJZE FNR PRESSYPFE NJSTRIRUTING PRINT-NUT
1MUST BF GREATEF THAN O AMD {ESS THAN 1 )

GO T 10

END
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SURROUTINE FCT (DX,DY,N7)

TRPLICIT RPFRALZAIN)

DIKEYSTOM NY{1),02{1)

COMENN 787 T+14DK, D1 DLH, 1215, NZS DU ,DUZ, NS, NG, DUS

CNFINN /B/ MM

coMmunr /RR/

COMMAN /E/ NV,DY3

IF(NAZSIDX-N2S) JLEL5.D=3) #0 T0 10

DA=DSPI(NX)

DA1=DS1PT{NX)

NA2=nS2PI{NX)

NA3=DS3PT(DX)

IFIM.EN,1) 60 7O 1

1F(M.ER.2) AN TO 2

IFIM,EN,3) GO TN 3

IFIDX-D2S) 20,420,430

PZ(1)=DALENAZ/DA+DEXP ((DY{1}+N2H~DTHTINX)=DA25DLAGEDI NA/NX 1) /DA?)
RETURN

NUU=N1M+DK=NY (1)

IFIDUU) 20420440

DZH=DA3XDLNG (DUUEDA/ ( DXENX} 1 +NA2F {NAL/DA=2.N0/NX)+2.NO*DLINT (0X)
DZ{1)=DALANA2/DA+DEXP { {DY{ 1} +D2M-DINT(UX)-BAZEDLOGINI=0A/DYY Y/ PAZY
NIFF=DZH-NZI1}

IF(DIFF} &0,60,50

RETURN

M=2

Bz

WRITE (6,199)

FORMAT {1HO,31HSTART OF SUPERSOMIC CALCULATINMY

WRITE (64200) DX

FORMAT (140,37HSUPERSAMIC CALCULATION STARTS AT X = ,012.5//})
DV=DY(1)

DV3=DX

RETURN

DUU=D1M+DKENY (1)

IF(DUU) BO4RO, 70

NZ(1)=0A3%NLOG (DUUSDA/{OXSDX )1 4DA2% (DAL/NA=2.D0/NX )42 .DONL INT (DX)
RETURN

M=3

MM=3

RETURN

DUU==D1M=NK#DY{ 1)

DZ(1}=DA3%NLOG (DUU=DA/{DX=({1.N0-DX})}+DA22(NAL/NA-1.D0/DX+1 .00
E/(1.D0-DX)}+DLIMTIDX)+NINTLINX)

RETURN

DZ{1)=DUL+DH2% {DX-DZS)+DU3E [ (NX=DZSIE%21/2 ,NO+NFIA= ([ DX=NZS1$%3)/
16.DN+NISHLINX-0Z S} #%4) /24,00

RETURM

EMQ

SUBRDUTIME NUTPIDX,0Y,NNERY, [HLE ,1N{H, 1500, )
TMPLICIT REAL%R(N)

NIMENSTON NY(1)4NDERY 1), DPRETIS) 016}, 00113],007(5) ,hCP (S
DIAEMSION NALPH](4),D58084},10SCE4),DCS114)
couvnr Ll

COKIMDN JBR/ W

CAMMON /E/ NX11,NX12,D0U1,HUN?

CAMMAN fH/ NNLDOT,DN2,4NSSO,DSC, LSO, haLPir]
CRMFON /MRMC/ DHRTE, M3V

nX11=0X12

DX12=DX

NUUL=0UU2

DUV2=DY 1)

IFLTHLF.GT.10) 6O TO 10

[FINX.LE, sN]1.0RDNX.GEL.99) G TO 30

IF (NMRM) 50,30,60

[FINX.GTLNYPTE) RFTURN

N TN 30

60
an

&

~

-

10

IFINX.LT.N“RTE} RSTURM
nEPY=2,n0=nY (]}
P2=NR{NX)

ni=Nz=nz
N3=2.00:NLL1=NS2P T INX)

HRITE (A,e)

FNORMAT (]1HN)

PO1 J=1,46

N7 S=1,5

DCPIJ)==NC AT )2 (LR 1+N3+NL=DO(J) )1 =-DSC(T1=N2%NOL{ J)~DSSU{1)*DQ2(J)
COMT IMDE

WRITF (f,1)1) NX,NALPH1L]),1CP

FORMAT (1H ,D12.5,3%X:ND10.3,513X,D12.5)1}

CONTINUE

PHRTE=DHRTF+DMRN

RETURN

WRITE (h,1000

100 FORMAT {1H0,76HTMTEGRATINN TERMINATED BECAISE ACCUMULATED ERRORS H

1AVE CAUSER IMTEGRATION /1X55HSURROQUTINE Ti1 RISECT ORIGINAL STEP SI
2ZF 1.001) 1N TIMES )

GO TN 30

FMD

FUNCTION NCPTKS{NTHETA}

THPLICIT RFAL*R(D)

COMMDN /0/ fL,NLL,DLY,»L2,DL3,0LL
DS=DSININTHFTA)
NS5N=05=ns
DCPTKS=2,n0~NLx
PETURN

Frn

1.00+NDL1*0S5N)/{1.DQ+DL2%NSSN)

FUNCTION DCPLL(DTHETA)

IMPLICTT RFALB(D}

COMMON /N/ DL,DLL 4DL1+NL2,0L3,DL4
DS=NSIN{DTHETA)

NSSN=n5=NS

D1=NSORT{1.NO+DL1~DSSO)
DLPL1=2.00*0L3+01&DS/{1.D0+DL2*DSS0)
RETURN

END

FUNCTINM NCPL2{1:THrTA)

IMPLICIT RFaL=A(N})

COMMAON 70/ DLDLL,DL1,PL24DL3,DLA
DS=DNSINMIDTHFTA)

DSSN=pS=ns
NCPL2=(NL={PL+2,NN)-NL&ENSSN) /(1. NO+NL2=NSS0)
RETHRN

EMD

FINCT NG ATTEN/ )

THPLICET REaL=alN}

COBMNON /(.07 NTANZ
NINT=12,nPN=NTALZENE(~1 .00+ .500202)
“<ETHRM

Fhp

g xtpuaddy



(AN}

FIMCT TR ni=T 1inX)
THPLICET UQFAL=A(N)
CORMON /007 DTAUZ

OIMTI=12.P0%0TAUZ: (L 5D0=2 . NOENX+] 2 L0%

RFTHURN
EAD

FUNCTION DYENT(DX}
IKPLICIT RFAL=R{D)
coMMnn /CC/ DTAUZ

DLINT=12.00=DTAUZ%{-1,N0+3, 000X}

RETIIRN
EMD

FUNCTION DLIMTI(NX)
IMPLICIT REAL#R(D}
COMMDN /CC/ DTAUZ

DITHT1=12.N0%DTALIZ%{~24D0+3 NN IX)

RETURN
END

FUNCTION DRIDZ)
TMPLICIT REAL=#&(N)
COMMNN /P/ DTAU

DR=2,DO*DTAU*({1.,00-2.D0%D7}

RETURN
END

FUNCTION NRSNIDZ)
IMPLICIT REAL=BI(D)
COMMDON /CC/ DTAUZ2
DS1=1.D0-2.N0*DZ

DRSN=4.,D0ANTAUZENS1%DS

RETURN
END

FUNCTION DSPIIDZ)
IMPLICIT RFAL#B(D)
COMMON /CC/ DTAU2
DS1=D2%(1.D6-DZ)
DSPI=DTAU2%DS1¥DST
RETURN

END

FUNCTION NSIPT{DZ}
TMPLICIT REAL=8(DN)
cnMmMon /CC/7 DTAUZ

DS1PI=2.DNENTAUR#DZ*(1.10~NZ)#(1.,00-2,00=12)

RETHIRM
EMO

.

\

AN

FUACTIN' NS2e1(N7)

TLPLICTT PRALL (D)

COasa /067 PTAND

NSZPT=2.R0NT /IPH (1 00-hPOENT & (1. 00-17 } )
BETHRM

Ftir

FUNCTION RS3APE(NT7)

IMPLECTT REAL=ZR(N)

Cousnig /CC/ NTANZ
DS3PI=12,00%DTALZ#{2.,005D7-1.10)
BETURMY

END

FUMCTINW NS4PT(DZ)
TFPLICHT REAL®RIN)
caumann /CC/ DYALZ
NS4P1=24.NN=DTAL?
PETHEWN

Fan

FUNCTIfNM NS5PI{NZ)
IMPLICTT RFAL=:A(M)
NSsPI=0,00

RET!IRM™

FNDY

FHNCTION DS6EPIIDZ)
IMPLICIT RFAL®RID)
NS&P1=0.D0

RETURM

EMD

FUNCTION DSTPI(NZ)
IMPLICIT REAL*8(D)
DS7PI=0.D0

RETURN

END

SUREALTINE PHPCGIPRMT s Y sDERY sND 1My THLF s FC 10U P sAUX)

TuE §NTTARATING SURRNUTINF DHPCC (DOQURLE PRECISION VERSION) USED WITH
THIS ORARPAY 15 THF SAMF AS USFD [N THF PROGRAM FOR CALCULATING
SURFAFF AND FLOW FIFLDN PRESSURE DISTRIBUTIONS FOR FREE STREAM MACH
NUTRERS AT OR NEAR 1 OM NONLIFTING RODIES OF REVOLUTION HAVING OR=-
AIHATFS R PROPORTINNAL TO X~X#%#h OR l=X~=(]1=X}*%N

FNR A LISTING OF THIS SURROUTINE SEE THAT PROGRAM
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Figure 2.- Theoretical pressure distributions at M_= 1 and .at the
lower and upper critical Mach numbers on a series of airfoils
having various axial locations of maximum thickness; also
shown are experimental data for M, = 1.
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of 1/12 and profiles described by
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Figure 4.- Theoretical and experimental surface and flow field
pressure distributions at M_= 1 for several members of a

family of bodies of revolition having thickness ratio
D/4 = 1/12 and various locations of the point of
maximum thickness.
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Figure 4.- Continued.
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Figure 4.~ Continued.
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Figure 5.- Characteristic network for M, = 1 flow past a
parabolic~arc body of revolution having a
diameter D = 6" and thickness ratio
D/f = 1/12.
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Figure 6.- Theoretical and experimental surface and flow field
pressure distributions for M_ = 0.90 (purely subsonic flow)

over two bodies of revolution having thickneas ratio
D/Z = 1/12 and location of the point of maximum
thickness at 30 and 70 percent of the
body length.
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Figure 7.- Theoretical and experimental surface and flow field
pressure distributions for M_ = 1.20 (purely supersonic
flow) over a body of revolution having thickness ratio
D/Z = 1/12 and location of the point of maximum
thickness at 70 percent of the body length,
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Figure 8.~ Theoretical and experimental surface pressure distributions
for My =1

at two angular positions on three different parabolic-
arc bodies having elliptical cross sections that maintain a
constant value A of the ratio of major to minor axes.




02— T -

-

=0.2 = T T T T T T T

-0.1}F

P RoRoRS Qg

8%65%

Body Base

o.2L..— _ 1 N B ] } 1 ! 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Figure 9.- Theoretical and experimental flow field pressure distributions
for M_ =1 at two angular positions and at various multiples of the
maximum diameter of the equivalent body of revolution of a
parabolic-arc body having an elliptic cross section
with A = 3.0.
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Figure 10.-~ Theoretical and experimental surface and flow field
pressura distributions for M_ = 0.90 (purely subsonic flow)
at two angular positions and three flow field locations
for a parabolic-arc body with A = 3.
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Figure 1ll.- Theoretical and experimental surface and flow field pressure
distributions for M_ = 1.20 (purely supersonic flow) at one angular
position and one flow field location for a parabolic-arc
body with A = 3.
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Figure 14,- Theoretical and experimental surface pressure distributions
at M_ =1 at five angular positions and three angles cf attack zn

a parabolic-arc body having

equivalent body of revolution of D/f

A = 2.0 and a thickness ratio of the

= 1/12.
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Figure 15.- Theoretical and experimental surface pressure distributions
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Figure 16.- Theoretical and experimental surface pressure distributions

at M, = 0.90

and a thickness ratio of the equivalent body of revolution

of D/f = 1/12.

(purely subsonic flow) at five angular positions and
three angles of attack on a parabolic-arc body having A = 3.0
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Figure 17.- Theoretical and experimental surface pressure distributions
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Figure 18.- Theoretical and experimental surface
pressure distributions at M, = 1 on a thin
elliptic cone-cylinder similar to a
triangular wing of aspect ratio
2 and thickness ratio T = 0.06.
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Figure 19.- Theoretical and experimental pressure distributions
at M, = 1 on a circular cone-cylinder of 7° semiapex angle
and 1.35~inch diameter as measured in two transonic wind
tunnels of different size and as calculated for
unbounded flow.
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Figure 20.- Theoretical pressure distributions for M_= 1 on a conical wing-body
combination having a flat-plate triangular wing of aspect ratio 2 and
a conical body of revolution having a semiapex angle of 7°.
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Figure 21.- Theoretical pressure distributions for M_= 1 on a wing-body
combination having a flat-plate triangular wing of aspect ratio 2
and a parabolic-arc body of revolution with thickness
ratio D/J = 1/12.



